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Abstract 
A study conducted by The Department of Environment Malaysia shows that there is an increase in 
numbers of polluted rivers. One problem is said to be due to indiscriminate dumping of wastes into 
the rivers. This phenomenon adversely affects the drainage capacities of rivers which then leads to 
more frequent occurrences of floods as well as an increase in the intensity of the floods. The issues 
are critical since 97% of the total water use originates from rivers. 
In Malaysia, 40-60% of water use comes from the domestic domain. Domestic wastewater gives an 
impact on the quality of water. Public involvement is very important in order to control the current 
water situation as public contributions to water issues are very significant. In daily activities, the 
public pollutes the drainage runoff unconsciously. Increasing urban population causes a massive 
impact on human activities, especially in a developing country like Malaysia. In Malaysia, 
urbanization has a lot of advantages for the economic sector. Therefore, development needs to be 
carried out in order to provide a range of facilities for the population. 
On the other hand, living in comfortable and convenient spaces has persuaded many people to 
renovate their houses. This then results in an increase in the number of impervious areas because 
housing developers only have to comply with providing 10% of open space. Developers usually 
choose to maximise the built-up areas to take full advantage of land use and this situation has 
resulted in an increase in surface run-off. This is in fact a major cause of flash floods. 
Natural filtration devices have been incorporated in Sustainable Urban Drainage System (SUDS) as 
a means of imitating natural hydrological processes. They are found to be more effective compared 
to the conventional drainage system, and delay filtration and run-off of surface water. SUDS not 
only improve the technical approaches of a drainage system, but also assists in `Best Management 
Practices' (BMPs). This includes management and maintenance together with better daily water 
usage. However, to assist the success of SUDS, public participation should be encouraged. The 
wider public and all stakeholders should have a better understanding of SUDS in order to allow 
them to get a clearer idea of their potential role. Improvement in the education system, frequent 
updates on information and training for maintenance workers are some of the actions'that might 
influence the implementation of SUDS in Malaysia. 
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Chapter 1 
Background and Framework 
1.0 Introduction 
Although 75% of the Earth is covered by water (Fisher, 2004), only 3% of it fresh water and is 
suitable for living things (i. e. animals and human). In nature, water goes through several 
processes before it evaporates into the air (refer to Figure 1.0) in processes known as 
`hydrological cycles'. However, pollution has been a major issue with regards to fresh water 
systems. From `Water: No longer taken for granted': 
"As population continually modify the environment to suit their needs and 
desires, the natural processes, including the hydrologic cycle, are significantly 
disrupted... " 
(Fisher, 2004; 7) 
There are two factors that have changed the basic quality and natural distribution of water; 
pollution and human intervention (Fisher, 2004). In order to make more improvement, the 
Sustainable Urban Drainage System (SUDS) has been chosen as a method for widespread 
implementation. The `Manual Saliran Mesra Alam' (MSMA) is the first manual with 
sustainable drainage approaches and was launched in January 2001. This manual replaced the 
old hydrological manual which has been used for twenty-five years. The approached emphasise 
in this manual are based on sustainable development concept. 
In supporting better water quality, the Malaysian Government included in the fourth of the five 
key thrusts, which is `improving the standard and sustainability of the quality of life in its 9`h 
Malaysian Plan (9MP) (Government Document- Malaysian 9' Development Plan 2006-2010, 
(2006), The Star, (0 April 2006)). This is an attempt to promote a sustainable development 
approach in Malaysia. Based on the World Sustainable Development Performance Index (9MP, 
2006), Malaysia is in the 38th place out of 146 countries in the world and is in the 2"d place in 
Asia in their efforts to implement sustainable development. In supporting sustainable 
development, the Malaysia government have adopted legislation and guidelines in order to 
protect the environment especially those related to the marine and riverine ecological 
community (Basiron, 2004). The legislation and guidelines can be divided into four 
categories: 
I 
1. International laws and treaty 
2. National policies and acts of parliament 
3. State enactments 
4. Local by-laws 
Further explanation on government action in supporting sustainability and protecting the 
qualities of water can be found in Chapter 3. 
The estimated amount of wastewater from urban activities which flows into the water bodies 
worldwide annually is 450km3 and 600km3 of water is needed to dilute it before it can be used 
again (Haughton and Hunter, 1994). It has been projected that the world population by year 
2025 will be 10 billion, and an estimated 4.5 billion people in developing countries will be 
living in urban areas (Hough, 1995). An article in The Star (2006) stated that, by 2010, the 
population in Malaysia will reach 28.96 million with 63.8% living in urban areas (Table 1.0.1). 
Public involvement is very important to control the current water situation as public 
contributions to the water issues are very significant (Apostolaki et al., 2001). In daily activities, 
the public pollute drainage runoff without being aware of it. The increase in urban population 
will have a massive impact on human activities, especially in a developing country like 
Malaysia. In Malaysia, urbanization has a lot of advantages for the economic sector. Therefore, 
development needs to be carried out in order to provide supporting facilities for the population. 
Discussion on related issues are elaborated in the section on the `Definition of Keywords and 
Concepts' (refer to section 1.01) 
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Average annual growth rate 
2005 % 2010 % ItMP 9M1 
Totalpopulation 
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2o 
21) 
I6 
I t) 
Bu ni uteri 16.06 65.9 17.95 67.0 2.3 2.2 
Chinese 6.15 25.3 6.52 24.3 1.3 1.2 
India 1.83 7.5 1.97 7.4 1.6 1.4 
Others 0.32 1.3 0.35 1.3 2.6 2.2 
Non-citizens 2.39 2.17 11.0 -1.8 
Age structure 
0-14 8.72 32.6 9.18 31.7 1.7 1.0 
15-64 16.88 63.1 18.42 63.6 3.0 1.8 
65 and above 1.15 4.3 1.36 4.7 4.3 3.4 
Median age (years) 23.3 24.2 --- 
Total fertility rates 2: 76 2.48 - 
Bunni utera 3.18 2.80 
Chinese 2.19 2.04 
Indian 2.34 2.15 
Table 1.0.1: Population size and age-structure 2001-2010 (million persons) (Source: I)cpartinent Of 
Statistics and Economic Planning Unit (2006)) 
1.0.1 Definition of Keywords and Concepts 
These definitions are included in this study in order to offer better understanding of some of the 
keywords used in the following chapters. An explanation of concepts may offer further 
understandings of some of the theories that lay behind the keywords. 
1.0.1.1 Water Pollution 
In general, water can be classified into categories such as drinking water, wastewater, coastal 
water and others. These categories can be related to stages within the hydrological cycle (Figure 
1.0). Pollution can be understood as an unacceptable level of alteration of water quality relative 
to natural conditions within these different categories. 
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Figure 1.0.1: The Water Cycle' in National Water Quality Inventory: 1998 Report to Congress, EPA 
841-F-00-006, US Environmental Protection Agency, Washington, DC, June 2000 (Source: Water: No 
longer taken for granted, 2003). 
According to Fisher (2004) water pollution is caused by human introduction of materials or 
organisms into water bodies. Despite the longstanding belief that water has an inexhaustible 
capacity to process wastes, in fact it is extensively deteriorating due to technological impacts 
from many economic sectors (Table 1.0.2). 
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Category Examples 
Industrial Pulp and paper mills, chemical manufacturers, steel plants, metal process and 
product manufacturers, textile manufactures, food processing plant 
Municipal Publicly owned sewage treatment plants that may receive indirect discharges 
from industrial facilities or business 
Combined sewer overflows Single facilities that treat both stormwater and sanitary sewage, which may 
become over loaded during storm events and discharge untreated wastes into 
surface water. 
Storm sewer/ urban runoff Runoff from impervious surfaces including streets, parking lots, buildings, and 
other paved areas 
Agricultural Crop production, pastures, rangeland, feedlots, animal operations 
Silvicultural Forest management, tree harvesting, logging road construction 
Construction Land development, road construction 
Resource extraction Mining, petroleum drilling, runoff from mines tailing sites 
Land disposal Leachate or discharge from septic tanks, landfills, and hazardous waste sites 
Hydrologic modification Channelization,, dredging, dam construction, flow regulation 
Habitat modification Removal of riparian vegetation, streambank modification, drainage/filling of 
wetlands 
Table 1.0.2: Pollution source catagories used in this report, "lvauonat water yuaury inventory; 177o 
Report to Congress, EPA 841-F-00-006, US Environmental Protection Agency, Washington, DC, June 
2000 (Source: Water: No longer taken for granted, 2003). 
1.0.1.2 Human Intervention in Water System 
Urbanization provides people with many facilities and infrastructure without realizing that they 
have intervened in the natural processes in the environmental system, especially the 
hydrological cycle. An alteration of any phase of hydrological cycle, such as dams, irrigation, 
drainage and hydroelectric plants, are considered as human intervention (Fisher, 2004). In this 
study, the focus is on drainage systems. Basically, drainage is used in agriculture and also as a 
method to drain surface water into the nearest water bodies. 
As discussed earlier (refer to section 1.1), Malaysia has also faced many problems related to 
water pollution issues (refer to Chapter 3, section 3.1.2). However, the Malaysian government 
has made an effort to introduce MSMA as one of the solutions for stormwatcr management. The 
introduction of the SMART Tunnel (refer to Chapter 8) is also the latest method for stormwatcr 
management. It has been functioning since 2007. 
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1.0.1.3 Awareness and Perception 
Humans are believed to dominate the processes involved in environmental changes (Bell, et at, 
2001; and Bonnes and Secchiaroli, 1995). These processes occur both in intentional and 
unintentional ways. The action taken is then stimulated based on experiences. Psychologists 
have suggested that `environmental stimulation' is influenced by two processes; awareness and 
perception. According to Goldstein (1999) cited in Bell, et al., 2001; 57. 
"Sensation (awareness) has been applied to the relatively straightforward 
activity of human sensory systems in reacting to simple stimuli such as an 
individual sound or a flash of light" 
Goldstein explains that the awareness and evaluation process are formed on the sensations 
created by an array of photons of light stimulating in one's eye receptor cells. Humans learn 
and experienced things based on what they see. It is a process that they go through in their daily 
life. 
However, `perception' has been defined as involving more complicated processes (Bell, et al., 
2001; and Bonnes and Secchiaroli, 1995). Perception is a process of integration and 
interpretation of complex and important stimuli that human experience in their daily life. This 
perceptual process has been discussed in as early as the 19`h century. Researchers have tried to 
understand how humans differ in sensing lights, colours and other phenomenon (Bell, et al., 
2001). Researchers have realised that psychologists only managed to investigate only 
observable phenomena such as physical and behavioural elements. The later studies focused 
instead on biological events that lead to sensations. For example the function of cars and eyes 
are seen as a basis to the neurological sensations generated by light and sounds. Therefore, 
scientists have concluded that the part that humans perceive is based on the mechanical 
transmission of a sensory from one nervous system to another. Later, these processes will end 
at the back part of the brain cortex known as `primary visual receiving area'. All the process 
capturing perceptual experience will lead towards meaningful individual perception of space. 
This meaningful perception of space can either be an encouraging or unconstructive experience. 
They then assist in the human process of feeling those memories influence their perceptions. 
In this study discussions are more focused on an ecological perception of the environment, 
called `functionalism'. Functionalism allows humans to compare the present sensation with one 
that they have experienced earlier (Kaplan and Kaplan, 1982; and Ulrich, 1993). This will help 
them to stimulate signals in identifying positive or negative impacts. J. J. Gibson's ecological 
theory, emphasizes the processing of individual cues in visual images (Bell, et at., 2001). 
Gibson's, (Bell, et at., 2001; 65) states: 
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"... rather than perceiving individual features or cues that we organize into 
recognizable patterns, we respond to meaning that already exists in an 
ecologically structured environment. We may overlook some of this 
embedded meaning, but it is readily available to an appropriately attuned 
organism mobile enough to experience it... " 
Gibson believes that perceptions towards environment are occur in a more direct manner. The 
properties of environments should not be perceived as distinct points but as meaningful entities. 
Describing Gibson's approach based on `Perception of Affordances', it is established that we 
receive lots of information directly through our perception of the environment. These processes 
of exploring environment allow humans to experience objects in many ways from different 
perspectives. This is known as `invariant functional properties'. Through the process of 
perception of affordances, one can identify the `ecological niche'. This ecological niche is a set 
of affordances that are utilized by human natural instinct. For example, one can afford to change 
the environment based on his comfort levels, such as having an expensive accommodation with 
beautiful scenery. Humans learn from their experiences (Appleton, 1997; and Bonnes and 
Secchiaroli, 1995); therefore, the process of awareness and perception help them to understand 
more of the threats that are faced by their surrounding environment. These will lead to an 
acceptance of changes or adaptation (Bell, et al., 2001; and Bonnes and Secchiaroli, 1995). 
1.1 Public Perception of SUDS 
Kaplan (1989) refers to water as a very important element in landscape. However, how does the 
public perceive their landscape nowadays, and how does water play its role in the current 
environment? As a developing country, Malaysia faces a major water pollution problem. 
According to the Department of Drainage (DID), there is an increasing number of rivers that are 
polluted each year (Abdullah and Mohamed, 1998). Therefore, DID launched a `Love Our 
Rivers' campaign in 1993. However, in 1999, the campaign committee reported that the 
campaign did not fulfil the main objectives due to a lack of awareness and education (DID 
`Love Our Rivers Campaign' webpage, 1999; further discussion refer to Chapter 3). The 
community's participation and professional involvement are needed to support sustainable 
drainage implementation. Although the public and professionals in the construction industries 
might have a different understanding or opinion of sustainable drainage, these discrepancies 
should be solved to provide the benefit of good quality living environment to everyone (further 
discussion in Chapter 6 and Chapter 7). 
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Baker and Boonchote (1998), found that, due to different perceptions and understandings in 
identifying the awareness between a technical expert and the public about industrial hazards, 
there is a difficulty in analysing the risks. In conclusion, they did mention that there was a need 
for proper education and training for experts to devise a rationale on how to tackle the public 
(Baker and Boonchote, 1998). It is clearly shown that to get SUDS recognized by the public and 
professionals in the construction related industry, a proper outline of environmental education, 
especially relating to water issues, is needed. 
1.2 Research Context 
The percentage of urban population has increased over the past ten years in Malaysia as shown 
in Table 1.2.1. In 1998, a National Water Resources Study was held to assess and update water 
resources availability in Peninsular Malaysia and also to formulate a Master Plan for Water 
Resources Management and Development in order to forecast water demand for all users until 
the year 2050. 
Peninsula Sabah 
Malaysia 
Sarawak Malaysia 
Urban 86 (37) 33 (21) 37(18) 51(34) 
Rural 14 (53) 67 (79) 63 (82) 49 (66) 
Table 1.2.1: Distribution between urban and rural areas 1991 (percentage). A comparison between 
Census data 1991 and 1980 (figures in the brackets). (Source: Population and Housing Census Malaysia 
1991). 
Rapid developments have taken place in many parts of the country in order to fulfil demand, 
especially in urban areas such as Kuala Lumpur, Georgetown and Johor Bahru. However, 
uncontrolled development activities in watersheds and along river corridors have increased the 
severity of floods. It has been estimated that 29 000 km2 or 9% of total land area in the country 
is prone to flood affecting approximately 2.7 million people (Abdullah and Mohamed, 1998). 
The rapid developments with total impervious areas are very high since housing developers 
only have to comply with providing 10% of open space. Normally, the developers will 
maximise built-up areas to take full advantage of land use and this situation has resulted in an 
increase in surface run-off. At present, this has been recognised as a major cause of flash floods 
in urban areas. Urbanization has increased the amount of impervious ground. This eventually 
increases the fraction of rainfall which then turns to runoff. Usually, rainwater gets intercepted 
by vegetation; infiltrates into the ground, and takes times to travel to the river. However, in this 
case, it is collected from the roofs and other paved grounds and canalised efficiently to public 
drains which, in turn, rapidly carry it to the nearest river. 
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The Malaysian government has spent millions of Malaysian Ringgit (MYR) on DID projects 
and flood mitigation (Tables 1.2.2 and 1.2.3). The Malaysian Government spent MYR930 
million from 1971 to 1995 on flood mitigation work; and under the 7`h Malaysian Plan, the 
allocation for flood mitigation programmes was MYR900 million (Utusan Malaysia, 2000). 
This is seen as a big investment in order to improve environmental quality. The 9`h Malaysian 
Plan allocated MYR1.13 billion to environmental protection (Table 1.2.4) of which MYR4 
billion was earmarked for flood mitigation programmes. 
Category 1' MP 2" MP 3' MP 4 NIP 5' NIP 6 MP 7 NIP 
(1966-70) 1971-75) (1976-80) 1981-85 (1986-90) 1991-95 1996-00 
Irrigation 260 140 305 257.8 59.8 70.2 197.9 
Agriculture 25 40 155 129 79.3 110.9 131 
drainage 
River - - - - - 55.3 145.4 
management 
River (Flood 7 14 56 163 203.4 377.7 873.1 
mitigation) 
Water - - - 4.3 2.0 11 20.9 
resources 
(Hydrology) 
Coastal - - - - 12.4 128.4 123.1 
protection 
Other 8 16 35 18.3 24.4 64.7 102.9 
ro ram 
total 300 210 551 572.4 381.3 
Table 1.2.2: DID development expenditure in Malaysian Plan (MP) (unit: million MYR) (Source: Zainal 
Abidin MR., 2002) 
Year Budget (MYR) 
2001 365 990 000 
2002 487 410 960 
2003 300 700 000 
2004 272 800 000 
2005 122 927040 
Total 1 549 828 000 
Expenditure (NMYR) 
339 656 194 
Table 1.2.3: Flood mitigation projects - 8"' Malaysian Plan Budget (Source: Zainal Abidin MR., 2002) 
Environmental protection strategy Budget allocation for 9' MP MYR 
Cleaning, conserve and beautify rivers 510 million 
Coastal management 350 million 
Forest re-planting 200 million 
Wildlife management 70 million 
Flood mitigation programme 4 billion 
l able 1.2.4: Allocation for environmental strategic plan in the 9`° Malaysian Plan (Source: 13enta Harlan, 
1$` April 2006) 
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1.3 Background Research 
This study focuses on the current scenario of urban drainage system in residential areas in 
Malaysia. This includes the Malaysian domestic water usage and its contribution towards 
environmental issues; the action taken by the Malaysian government to encourage an 
environmental friendly drainage solution; and a few examples of the sustainable drainage 
systems in Malaysia. This study may lead to further ideas on how the public and professionals 
might play their role in supporting and improving the implementation of the Sustainable Urban 
Drainage System (SUDS). It also includes an introduction to the basic principles of the SUDS 
and how the component works to sustain our environment. 
The research aims and research questions may give a clearer view of the scope and context of 
this study. This study also discusses the structure of the methodology that will be used to allow 
the researcher to explore the situation in order to obtain results for a better drainage system in 
housing areas in Malaysia. 
1.4 Directly Relevant Research 
This study involves many facets of research areas which are of great relevance. `Public 
perception and acceptance of the SUDS in housing schemes in Malaysia' needs a good 
understanding of issues related to various fields such as human perceptions on living 
environment, an understanding of cultural issues, public attitudes to SUDS, a technical 
understanding of SUDS as well research methodologies. All these issues need a good 
background understanding of environmental psychology. 
1.4.1 Human Perception and Acceptance of Living Environment 
As discussed in the introductory paragraph, human perception is mostly influenced by their 
experience. Experiences lead humans to stimulate perception. Perception then helps human to 
generate an acceptance of changes or adaptation. 
Kaplan's works focuses more on human perception of environmental values. The experience of 
nature: A psychological perspective (19891 is a study of people and the way they appreciate 
nature. It is an interesting long-term research. The method which really contributes to this study 
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is mainly related with the use of images in assessing people's appreciation and awareness. 
People arc seen as bonded with nature, whether direct or indirect, and to study people's 
perceptions is difficult as people have different perceptions, understanding and opinions about 
the environment. It is interesting to note that the functioning of humans depends on the 
information they gain (Kaplan and Kaplan, 1989). Although Kaplan's study was based on 
twenty years of research from various individuals with the same interest, it has developed a very 
large conceptual base related to this study which leads to one main factor: understanding people 
and nature. 
Other than that, With People in Mind: Design and Management of Everyday Nature (Kaplan, et 
al., 1998) also gives a clear idea of how people perceive their surroundings. With regards to 
their study, it is to identify public perceptions and acceptance of SUDS in residential areas. It is 
interesting to note that they suggest a relationship between environmental aspects and people's 
experiences. In their study, forty-five patterns were discussed and divided into three different 
topics. They are approaches to design and management of everyday natural environment, 
integrating the solution for design and management by considering the context in a natural 
setting, and decision-making in design and management that can deal with people's response to 
change. The suggested patterns provided lots of ideas while developing the questionnaires for 
this study. It also well as gives guidance in selecting and composing images for the research 
survey of this study. 
1.4.2 Cultural Issues and their Connection with Landscape 
Cultural issues have an impact on public opinion, perception and acceptance of surrounding 
landscapes. The way individuals are raised also their affect their ways of seeing the world 
(Gifford, 1997). Collin Turnbull's experiences with the Pygmies of Congo region shows that the 
Pygmys' experiences are obstructed by the size-constancy (Gifford, 1997). Gifford (1997: 22) 
explains: 
"... this is one example of what has been called the carpentered-world 
hypothesis, which attributes certain differences in perception to the 
striking discrepancies among the perceptual environments of various 
societies... " 
A study conducted by Nassauer and Jorgensen is closely related to the argument between the 
understanding of culture and ecology in the environment. Placing Nature: Culture and 
Landscape Ecology edited by Nassauer (1997) is a good reference for understanding public 
response to and awareness of their surroundings. It is suggested that public living space may 
have an impact on their perception and interpretation of local situation. It discusses the 
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appropriate role of human in dealing with nature as we dominate this world. The authors' 
different backgrounds provide a wider range of views and opinions that arc comprehensible in 
various scopes and aspects. This is important in studying culture and ecology in order to 
understand human perceptions, behaviour and communities. In determining the ecological 
function, it is important to have knowledge of ecology and its effects on culture because it is 
believed that human beings and landscape influence ecosystems. Therefore, future landscape 
could not be predicted without acknowledging human values which differ according to 
sociological backgrounds, religions and regions of origin collectively known as `culture'. A 
study by Gorham (1997), Human impacts on ecosystems and landscapes, suggest that ecological 
issues are generally understood by many to have been caused by the impact of increasing 
human population as well as urbanisation which in turn has an impact on industrial activities. 
However, Gorham emphasizes that the ecological problems are affected by new cultural habits, 
such as using leaded fuel, the use of fertilizers, pesticides and washing detergent in daily life. 
Romme (1997) in his study, Creating Pseudo-Rural landscape in the Mountain West. Romme 
highlights that every patch has it ecosystem function, such as parking space, fields and 
buildings. Therefore, it is important that each patch should be designed or treated to sustain the 
needs of the ecosystem. However, there is also a suggestion that civilization can indeed protect 
nature. On the other hand, Warner and Martin (1997) in their study Urban conservation; 
Sociable. Green and Affordable, and Nassauer(1997) believe that it is possible to integrate 
ecological approaches into development as long as the implementation strategies can co-exist 
with the development processes. Although their study emphasize Western culture, it is 
beneficial to obtain a basic idea of how culture does influence nature. It is also an advantage to 
make comparisons between different cultures. 
In discussing aesthetics, it is believed to be closely related to nature. The process of creating a 
landscape should go together with aesthetic elements in order to fulfil people's needs. However, 
too much aesthetic input without landscape ecological knowledge will detract from the natural 
characteristics. According to Gorham (1997) Human impacts on ecosystems and landscapes, 
Eaton (1997) The beauty that requires health and Meine (1997) Inherit the grid, ecological 
knowledge is important to sustain aesthetic attention to landscape by not only allowing the 
understanding of nature, but also broadening human experience of landscape and nature. This 
ecological knowledge would be best integrated with cultural needs in order to display care 
towards the landscape. Nassauer expresses the view that cultural attitude influences care for the 
landscape. Cultural attitudes, such as traditions of land ownership, have a great impact on the 
sense of ownership and the appreciation of nature which, in this study, can be related to a sense 
of homeownership. There are indeed numerous discussions of culture and nature, and thus it is 
very important in this study to understand these issues as culture is indeed an important part of 
ecology. 
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The social and cultural context of ecological plantings by Jorgensen (2004) in The dynamic 
landscape edited by Dunnet and Hitchmough (2004) gives a good introduction to the influences 
of the social and cultural factors in the natural local context. Jorgensen emphasizes that good 
aesthetic qualities should be accepted by people who live, work and play within the 
surroundings. There also an argument on human preferences which has two bases; the 
theoretical and the public responses to perception. An understanding and experience of and 
access to information the local landscape issues and contexts are important in obtaining human 
perception. Some have debated that preferences are geared more towards an English landscape 
which resembles a savannah urban landscape while others are argued that humans prefer a 
natural setting. Most of the studies focus on visual preferences, which is applicable in assessing 
landscape preferences. However, there are limitations and weaknesses in the study; for example, 
the diversity of human needs, experiences and changes of view should be taken into 
consideration. The way people perceive and appreciate things are very subjective issue as time 
goes by while experiences change people's opinions and perceptions. 
Culture is also a very broad issue. People from different cultural backgrounds and origins 
possess different experiences and opinions of their local landscape surrounding. For example, 
the Japanese gardens conceptually imitates nature with elements of rivers, seas and mountains 
whilst the French garden is more likely to be formal with sculptures and fountains. It is 
interesting to note that there is a difference between an `anthropentric' and `ecocentric' opinion 
from the public about nature and their surroundings. In general, it is quite difficult to get 
specific answers for this study as people have different interpretations, perceptions and 
understanding, and these are also influenced by a number of demographic or personal factors, 
such as age, gender, educational background and locality. Public involvement in providing a 
natural setting in an urban area would be a long process. However, sharing information is a 
good starting point towards the collaboration of ideas. Overall, Jorgensen's studies were based 
within the English culture, and thus it is felt useful to study the similarities or differences 
between the English culture and the Malaysian culture. It will provide ideas about how culture 
between different regions can influence public perceptions of its ecology and landscape. This 
also act as an opportunity for other researchers to make use of the findings in this study for 
future research when comparing public and other cultural backgrounds. 
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1.4.3 SUDS and public perceptions 
Apostolaski et al. (2001) conducted a similar study in assessing public perceptions of SUDS in 
Scotland. In their study, they highlight the role of the public in contributing to runoff pollutions, 
which is closely related to public awareness. They also stress the importance of education in 
discovering the public attitudes towards catchment areas. A survey was conducted in 1996, 
where questionnaires were distributed amongst stakeholders involved with SUDS. This was 
done in order to get their feedbacks on knowledge and experience of SUDS. Findings show that 
the stakeholders do posses their understanding of SUDS and had managed to implement the 
systems. The same approaches were also used later targeted towards householders in three 
different residential criteria. The studies mainly emphasize two SUDS components which are 
roadside swale and SUDS ponds. It is interesting to note that almost none of the residents arc 
either aware of the SUDS components or require further information on SUDS. These studies 
provide assistance for this study in assessing public perception in developing countries such as 
Malaysia. Furthermore, SUDS is a new application in Malaysia and will be a continuous 
process. 
Research on public attitudes and behaviour for management of urban water systems has been 
conducted by Ashley et al. (2001). Their study aims to identify public consciousness and action 
to resist changes in urban water management system. Their study also emphasizes information 
supply and distribution to allow the understanding of all stakeholders to facilitate their 
judgement on related issues. It also assists this study in dealing with opinions from 
professionals involved with SUDS in Malaysia while at the same time identifying similarities in 
public attitudes towards urban water management. 
Research conducted within the Malaysian context is also referred to in order to gain supportive 
input from earlier studies from the same background. However, research conducted in Malaysia 
seems to focus more on the relationship between the public and the river systems. Research on 
SUDS in Malaysia has been conducted mostly on the technical aspect of SUDS application and 
its suitability within the Malaysian context. 
A similar attempt has been conducted by Nordin (1999). He looks at the knowledge, attitude 
practices in domestic and solid waste by residents along the Juru River basin in Malaysia. His 
study shows that there exist issues regarding the residents' attitudes and knowledge. 
Other than that, focus on SUDS in terms of technical information is also beneficial to this study. 
Information published by the Construction Industry Research and Information Association 
(CIRIA), such as Sustainable Urban Drainage Systems: Best Practice Manual (2001) has also 
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influenced the whole understanding of SUDS practices at the international level. To balance the 
understanding of SUDS within the Malaysian condition and context, the papers and publications 
by the River Engineering and Urban Drainage Research Centre (REDAC) and the Department 
of 1rrigation-and_Drainage Malaysia (DID) provide much appropriate information. There is a 
similarity in the components discussed in both manuals. However, MSMA seems to focus more 
on details of the technically based information. Meanwhile there is flexibility in the manual 
produced by CIRIA which encouraged designers to explore SUDS and continue to collaborate 
for the design in order to be more efficient. Details about SUDS arc presented in the following 
chapters. 
1.5 Informed Opinions 
Although this study focuses more on the residential landscape, opinions 
from other related 
parties, involved either directly or indirectly in the drainage system and SUDS are also 
taken 
into consideration. This-also include information covered in the Malaysian context. 
Feedbacks 
and comments from other parties are indeed very important in this study. Opinions 
from others 
also help to identify better solutions from the experts in this area of study. 
In this study, a few organizations and individuals have contributed and shared their experiences 
in implementing SUDS in Malaysia. This then leads to a better understanding of SUDS 
application as well as the difficulties and the challenges faced by SUDS in Malaysia, such as 
those experienced by REDACS, DID, and Putrajaya Corporation. 
1.6 Research Questions 
Generally, the research questions concentrate on the design criteria, such as public needs, SUDS 
suitability and the need for enforcement elements in order to apply the system in Malaysia. 
There are five questions to be answered and the questions have been categorised into two 
different approaches. 
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The first three questions arc to be answered through theoretical development. The questions arc: 
1. What are the main components of a sustainable approach to drainage in urban housing 
schemes as developed in Western countries? 
2. What are the main problems associated with urban drainage in Malaysia and what arc 
the solutions? 
3. How can the known SUDS principles be adapted to the Malaysian context? 
The final two questions, which need to be answered by evaluating and surveying in the study 
area, are: 
1. How is the acceptance to the application of sustainable drainage schemes in Malaysia, 
and do the design professionals in Malaysia have: 
a. Knowledge of such systems and, 
b. Are they willing and able to implement them? 
2. How is the perception and acceptance of the Malaysian public towards SUDS 
application? 
1.7 Research Aims 
In order to fully explore the research question in this study, there are two aims to be referred to. 
These would then act as guidelines for the exploration of this study. The aims arc: 
1. To identify a suitable approach to sustainable urban drainage in the context of residential 
development in Malaysia. The objectives of Aim I are: 
" To understand public opinions in terms of their surrounding landscape. 
" To study the appropriate design solution to the housing surrounding which will 
emphasize SUDS application. 
2. To investigate the extent of public and professional acceptance of sustainable urban 
drainage in a residential context in Malaysia. The objectives of Aim 2 are: 
9 To study the feedback from the residential community and professionals involved in 
housing developments on the current drainage system in Malaysia. 
To understand the barriers faced by professionals that need to be considered in 
developing SUDS in housing areas in Malaysia. 
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1.8 Research Methodology 
The methodology for this study was planned in 2002. This study uses qualitative and 
quantitative- methods. They include a postal questionnaire survey and interviews. The 
methodology for this study is discussed in Chapter 4. 
1.9 Limits to the Field of Investigation 
After years of MSMA implementation, there has not been much influence of SUDS application 
in landscape design, especially in housing development. Great consideration is needed in 
implementing the system and involvement from a wider range of professionals and the 
community should be encouraged. However, this study has considered the following influences 
in order to support this study: 
" It has taken into consideration the Urban Stormwater Manual used by all states and its 
provision in Malaysia. The implementation of all drainage work is monitored by the 
Department of Irrigation and Drainage Malaysia. 
0 The geographical factors in Malaysia are almost similar. 
" This study only emphasizes the application of SUDS in a housing area in Malaysia. 
1.10 Structure of Thesis 
The thesis is presented in eight chapters. Each chapter discusses different topics as described 
below. 
An introduction on water and drainage issues is provided, with a general introduction to SUDS 
in Chapter 2. There is also an introduction to the theoretical frameworks on the basic principles 
and technical approaches of SUDS. It also reviews SUDS principles implemented in other 
countries. MSMA is reviewed too and the discussion intends to look into their implementation 
in Malaysia. 
Chapter 3 is the continuing chapter on the theoretical frameworks. It discusses the water 
scarcity and issues in Malaysia. A brief introduction to the drainage system implemented in an 
urban housing scheme in Malaysia is also reviewed. 
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The methodology of this study is discussed in Chapter 4. The methods used for the postal 
questionnaire survey and the interview for both the public and the professionals arc explained. 
In Chapter 5, findings from all case studies are presented. This includes a wider discussion of 
Johor Bahru residential areas, Putrajaya residential areas, and Bio-Ecods implementation in 
USM Transkrian campus in Penang. This chapter will give an idea of the systems that are 
currently being implemented in Malaysia. Analysis and results of the survey, conducted in the 
Summer of 2003 and the Summer of 2004, are discusses in Chapter 6 and Chapter 7. Chapter 6 
discusses the qualitative and quantitative data obtained from the public. Chapter 7 discusses the 
analysis and result discussion obtained from the professional survey. 
Chapter 8 discusses the findings of this study and includes the recommendations for 
SUDS/MSMA improvement. The methodology that has been used is also reviewed, and the 
advantages and disadvantages are pointed out. The limitations of the findings arc also discussed. 
The summary of this thesis discusses the outcomes which may be beneficial to particular areas 
of this study. Recommendations for further research on related issues arc also included. 
1.11 Summary 
This chapter is an introduction to this study. The first part of this chapter has explained general 
information on related issues to urban drainage systems. This covers the descriptions and 
concepts of the hydrological cycle, people and environmental issues, and drainage system. This 
chapter has also presented related research issues, research questions and the scope of study. 
The following chapter thus discusses the first part of the main literature review - water and 
urbanisation followed by literature review which discusses more on the technical and 
conceptual aspects of sustainable urban drainage systems. 
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Chapter 2 
Theoretical Development: 
" Human and Environmental 
9 SUDS Basic Principles and Technical Approaches 
2.0 Introduction 
In this chapter, the discussion focuses on introducting us to the understanding of humans, 
urbanisation and their relations to the need of good drainage systems for housing schemes. This 
chapter also discusses about drainage systems. 
2.1 Humans, Urbanization and Water Issues 
Urbanisation has caused rapid development in many cities in the world. In this study, attention 
is given to the issues and information of developing third world countries, especially Malaysia. 
Urbanisation in third world countries is believed to have started in the 1970s. This phenomenon 
has changed the perception of other developed countries in the first and second world 
(Drakakis-Smith, 2000). According to Drakakis-Smith (2000), development in third world 
countries is not equally distributed. Some have successfully been urbanised while others are still 
left far behind in terms of modernisation. Ranson (1991) suggests that many parts of developing 
countries have encountered problems such as homelessness, slums and poor quality housing due 
to rapid urbanisation. 
It is believed that urbanisation started as a result of early post-war political strategies (Kemeny, 
1992). For example, in Malaysia, the most rapid urban growth occurred after 1947. it was 
during the height of the communist threat where was people were moved to safer places (Aiken 
and Leigh, 1975; Agus, 2002; and Pugh, 2001). It was part of the British strategy to weaken the 
support for communist by resettling the Chinese communities into new village programmes 
(Agus 2002). However, as time goes by, the scenarios created squatter issues in many major 
cities. The Malaysian government saw the squatter issues as an environmental problem and it 
also created a poor urban image for Malaysia. Therefore, the Malaysian government resettled 
the squatters and slum dwellers in low-cost housing schemes (Aiken and Leigh, 1975; and 
Agus, 2002). The growth of urban dwellers and the resettlement plan then increased housing 
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demands. In the 1970s, housing developments were crammed into every available space in 
urban areas, and there was no consideration of the site designed (Aiken and Leigh, 1975, and 
Bruton, 1985). According to Aiken and Leigh (1975), the houses were designed with very 
limited front yards, whilst the backs were opened to the narrow lane (Figure 2. I. 1). Nowadays, 
the housing plans and designs are not much different to those of twenty years ago (Figures 2.1.2 
and 2.1.3). In Malaysia, the New Economic Policy (NEP) 1970 played a major role in the 
economic sector. In turn it influenced urban development greatly. It is legislated that the policy 
attempted to promote economic growth, redistributing and restructuring society (Bruton, 1985). 
Rural migration thus occurred in many major cities where migrants compete to grab working 
opportunities for better life. This thus increased housing demands at the same time. Therefore, 
the Third Malaysia Plan (TMP) (1976-1980) was outlined to support the NEP in terms of 
fostering rapid urban growth in urban areas (Bruton, 1985). 
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Figure 2.1.2: Back lane for service purposes in between two blocks of terrace houses. I he hard sin laces 
have increased the amount of impervious surfaces in a housing area. Picture taken in a housing area in JB 
Figure 2.1.3: In another housing area ºn JB, two block, ul terrace houses ýýcic unl} separated with 
drainage systems. 
Urban issues are commonly related to the increase of urban population from rural migration. 
Izazola et al. (1998) in their study on urban migration impact on the environmental deterioration 
in Mexico City suggests that the phenomenon results in difficulties to keep pace with urban 
infrastructure. Population growth in urban areas and higher housing demand has caused rapid 
land use changes and contributed to physical environmental deterioration especially on water 
and soil (Izazola et al., 1998; Bartlett, 1999; and Parkinson, 2003). Concentration on the 
economy in developing countries has left the urban population lacking in an awareness of 
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environmental changes especially those related to air and water (Izazola ct at,, 1998; Bartlett, 
1999; Wust et al., 2002; and Parkinson, 2003). Improper drainage sanitation has worsened the 
impact of poor sanitation systems, which in turn have exposed urban dweller to infections 
(Cairncross and Ouano, 1991; Bartlett, 1999; and Pugh, 2001). Pugh (2001) points out that the 
urban demographic patterns are different in developing countries compared to developed 
countries. The demographic trends in developing countries show higher transitions in rates and 
volumes due to job opportunities offered in urban areas. This has increased poor housing 
settlement (such as squatters) and poverty in urban areas (Pugh, 2001; and Parkinson, 2003). 
The need for proper housing has increased, but the government's need to solve housing issues is 
limited due to budget constraints. These are indeed the factors that have contributed to an 
increase of impermeable surfaces and insufficient consideration of proper drainage systems. 
This then has worsen drainage problems (Parkinson, 2003). Bartlett (1999) highlights that the 
urban development policy, plan and practice missed the importance of a well-planned water 
provision, sanitation and social development in reducing accident risks especially amongst 
children. Living surroundings have been recognized as one of the potential places where many 
children have been killed or have become disabled with unintentional injuries or careless 
accidents (Manciaux and Romer, 1991; and Bartlett, 1999). 
As a developing country in the South East Asian region, the housing sector in Malaysia is quite 
different from those in developed countries with earlier and a similar stage of development 
experience (Pugh, 2001). The impact of demographic transition as discussed earlier means less 
consideration for the infrastructure and this situation has in turn caused environmental 
degradation (Pugh, 2001; Parkinson, 2003). Realising the critical environmental condition, 
rules, regulations and guidelines have been outlined from time to time to improve urban housing 
situations based on previous experiences. 
Malaysia has learned from the developed countries, and has adopted what it has learnt onto the 
Malaysian situation. These are indeed processes to be improved for a better housing sector and 
development. According to the Malaysian National Landscape Guidelines (JPBD, 1995), a 
developer must allocate 10% of the whole development scheme as an open space or a park in a 
residential development. This guideline is meant to ensure that any development would provide 
owners with green spaces. However, the limited spaces in the residential design have caused 
owners to carry out house renovations to allow for bigger living spaces (Figures 2.1.4 and 
2.1.5). Although there is an Act to control the renovation activities, many have ignored and 
maximised the building areas without referring to the act. According to the Street, Drainage and 
Building Act 1974 (Act 133): 
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"70c. Renovation of approval of any plan, specification and permission. 
Where a person has been convicted für an u%/Cnre' unclrr sectimi 70h (15), the 
local authority may revoke the approval ofany plan and specification and 
permission given tinder this Act and he shall, upon receipl of1hc' notice of 
such revocation,, /orthwith cease the whole of the erection of'building. " 
"75. Land to be set apart for back-lane 
(1) The local authority shall not approve any plan submitted pursuant to 
section 70 relating to a building unless - 
(a) A back-lane if required by the local authority o/' such width not 
exceeding forty feet (40) as may at the discretion of' the local 
authority be required is shown on the plan, or vacant land... " 
According to the Act, anyone who plans to carry out any house renovations needs to apply for 
an approval. This is became uncontrolled trends in renovations have increased the amount of' 
impervious surfaces in urban areas at present time (Figures 2.1.4 and 2.1.5). It is then suggested 
that policy makers should revise the current requirements for any house renovations or 
extensions of back lanes to ensure that it is line with sustainable development approaches. 
ý, 
dý,; 
Figure 2.1.4.1 he whole yard area in this house unit in JB has been paved with concrete. 
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Figure 2.1.5: These two blocks of terrace houses were not provided with a back-lane and, to make matters 
worse, some renovation over the drainage systems. 
According to Ranson (1991), healthy housing has been carried out part of a living condition 
which offers safe and healthy surroundings and covers every aspect of the environment for the 
residents, including physical and psychological health. Therefore, Ranson (1991) believes that 
to achieve healthy housing, it is important to provide a healthy housing design and planning 
assessment of fitness for human habitation, and also to provide proper resource materials for 
training and health education in order to boost awareness amongst the urban population. 
It has been proven that polluted watercourses lead to health problems such as cholera infections. 
Poor water quality also attracts rodents which act as disease vectors (Aiken and Leigh, 1975). 
Rapid urbanisation is also identified as one of the factors that has contributed towards the poor 
condition of the drainage systems (Aiken and Leigh, 1975; and Parkinson, 2003). Other than 
that, improper sanitation and drainage system are also responsible for spreading pathogens 
within the urban community such as parasitic worms (roundworm and hookworm) which cause 
debilitating intestinal infections (Parkinson, 2003). In Malaysia, the practices of open drainage 
systems provide breeding sites for Culex mosquitoes. The Culex mosquitoes transmit filariasis 
which lead to elephantiasis causing a painful swelling of the legs. Aedes mosquitoes which 
transmit yellow fever, dengue and dengue haemorrhagic fever often breed in places that catch or 
contain water (Parkinson, 2003). Malaria, transmitted by Anopheles mosquitoes, is a disease 
that could put urban communities at risk (Aiken and Leigh, 1975; and Parkinson, 2003). The 
Anopheles mosquitoes breed in static unpolluted water, such as wetlands, pond or puddle, with 
poor drainage systems (Parkinson, 2003). Actions to mitigate those water borne diseases has 
been taken as early as 1941 in Malaysia. Malaria was a big threat during this time (Konradsen et 
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al., 2004). However, the approach taken was in the form of chemical solutions (pesticide 
control) which in turn has contributed towards water pollution. High ground water levels have 
always put Malaysia in situations of flooding during wet seasons. Due to this, the drainage 
systems have also been improved and developed since then as part of the mitigation programs. 
2.1.1 Factors that Influenced Better Living Environment 
Many aspects or factors should be considered in order to achieve a better housing environment. 
Researchers have highlighted the importance of water and sanitation in their research which in 
turn needs to be supported by the local community (Garande and Dagg, 2005; Pugh, 2001; 
Environment and Urbanization - Editorial, 2003; Parkinson, 2003; Wust et at., 2002; and 
Izazola et al., 1998). 
The `Rio Summit', the World Water Forum 1992 and the 2002 Johannesburg Earth Summit are 
part of world conventions that have discussed the environmental scenarios suffered by almost 
all major cities in the world. However, governments need support from all stakeholders and 
participations from the public in taking care of the environment. 
Several studies (Stratford, 1995; Jackson, 1998; Basiago, 1999; and Regan and Horn, 2005) 
have shown that the gender factor also influences awareness. Stratford (1995) suggested that 
women are usually associated with water in her study on identifying the connection between 
women and water in South Australia. According to Stratford (1995), the duty of women is in the 
domestic area and, as mothers, they emphasize the need for water in their daily routines. The 
spread of water borne diseases amongst children have also given great concern to mothers on 
the importance of clean water supply (Startford, 1995). The association between women and 
water in domesticity is also supported by Jackson (1998). She states that women do play a 
major role in domestic provisioning. Daily routine can be related to individual experiences 
which explain how far males and females might be aware of their living surroundings and needs 
(Ulrich, 1983; Kaplan and Kaplan, 1989; Ulrich et al., 1991; Kaplan, 1995; and Regan and 
Horn, 2005). Regan and Hom (2005) suggest that experiences related with stress influences the 
preferences for natural surroundings. Therefore, these experiences have rendered women more 
alert or aware of issues related to water. 
Study conducted by Regan and Horn (2005) and Kearney (2006) show that satisfaction and 
perception are more influenced by the surrounding forces within the neighbourhood such as 
stress or community involvement. Regan and Horn (2005), in their survey involving 417 
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participants in identifying mood states and demographic factors associated with environmental 
preferences, identify stress as a major factor that influences public preference for natural 
environment. Those with stress or pressure had chosen natural surroundings in order to case 
their stress. Urbanization had caused stress in the community due to many factors such as traffic 
problems, environmental degradation impacts, or stress in the work place. Regan and Horn 
(2005) also look at different demographic factors. For example, the age factor had also played 
an important role in influencing public preferences. The younger ones did not care much for 
living surrounding changes compared to the adults. The age groups are divided into four wider 
age bands with different needs in their lives. The four groups are primarily students (18-25 
years old), people settling down in terms of career and family (26-45 years old), people starting 
a new life, such as retiring (46-60 years old) and those who are retired or close to that stage (60 
years old and above). Another study is conducted by Kearney (2006) on the development and 
neighbourhood satisfactions based on the impacts of density. The survey, which was responded 
to by 261 residents from nine residential development areas, shows that housing density does 
not influence the personal satisfaction of residential area. In fact, it shows that it is community 
involvement and one's time spent within the nature which did give satisfaction with regards to 
living surroundings. 
There are various demographic factors that contribute to environmental preferences and 
awareness. The need for knowledge is very important in ensuring that the public can get a better 
perception of water issues (Apostolaski, et al., 2001). Environmental degradation can be 
reduced if society has the knowledge to `control at source', especially in their daily routine. 
This includes recycling. Education assists the community concerned by providing knowledge of 
environmental activities such as recycling (Saphores et al., 2006; and Owen, et al., 2000). Some 
studies, however, did relate gender significantly with environmental activities (Saphores et al., 
2006; and Schultz et al., 1995). On the other hand, other studies agree that age is also a factor 
that influences environmental preferences (Saphores et al., 2006; Gamba and Oskamp, 1994; 
Margai, 1997; and Scott, 1999). 
2.2 Sustainable Urban Drainage System (SUDS): The United Kingdom Experience 
Water is essential for life on this planet, since it is non-renewable (Mwanza, 2003). Currently, a 
number of water bodies have been identified as facing problems such as eutrophication, 
salinization, pollution from industrial effluents and chemical run-off, exotic weed infestation, 
declining fish populations, habitat destruction and loss of biodiversity. Humans are known to be 
responsible for using pesticides and the disposal of waste which are driven by a variety of 
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competing human needs. This is the main reason for having sustainable water management in 
order to ensure that water resources are clean and of good quality. 
Actions taken by the authorities in water and sustainable urban development for state 
governments have been stated clearly in Agenda 21, Chapter 18. A commission headed by the 
Norwegian Prime Minister, Gro Harle Brundtland, predicted that the world population would be 
doubled during the next century. As a solution, the commission suggested a new development 
pattern that was required by the entire planet in order to secure human development. Water is 
very important to human beings and other creatures. Therefore, it is our responsibility to ensure 
that the supplies of good quality water are maintained for the entire population of human beings 
while, at the same time to preserve the hydrological, biological and chemical functions of 
ecosystems. This is achieved by adapting human activities within the limits of nature and 
combating vectors of water-related diseases. 
The widespread scarcity, gradual destruction and aggravated pollution of freshwater resources 
in many world regions, along with the progressive encroachment of incompatible activities, 
demand integrated water resources planning and management (Haman and Brown, 1994). New 
approaches to water management in the city such as drinking water, wastewater, and runoff 
water, have now emerged. Some of the concepts of sustainable development include both 
quantity and quality aspects which pay specific attention to receiving water as well as its 
potential degradation. This can be carried out with an integrated approach, at the bigger scale 
rather than a smaller one. 
The Sustainable Urban Drainage System (SUDS) concept was introduced to replace the 
conventional drainage system that contributed to environmental degradation especially on the 
water system (Bray, 2001). SUDS was designed to balance the impact of the urban drainage 
system through equal weight of quantity, quality and amenities in the drainage design. In the 
United Kingdom (UK), the SUDS technical guidance was managed and provided by the 
Construction Industry Research and Information Association (CIRIA). CIRIA also organised a 
series of conferences to update information on SUDS source control techniques and Best 
Management Practices (BMPs). The recent manual published by CIRIA in 2000 is `CIRIA 
SUDS Design Manual for Scotland and Northern Ireland (C521)'. The study was conducted to 
evaluate SUDS practices in Scotland (McKissock et al., 2003) as it has always been a standard 
practice there (McKissock et al., 2003; and D'Arcy and Wild, 2002). Qualitative and 
quantitative methods were used in the study to identify knowledge and understanding, 
experiences with SUDS, awareness and perception of SUDS options, and awareness and 
perception of the CIRIA SUDS manual. The study shows that the SUDS guidance is too general 
and should ideally be updated frequently. The respondents from the study also agreed that the 
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manual produced by CIRIA gave them lots of information but that more technical detail needs 
to be added. 
According to recent studies, issues that have been pondered about with relation to SUDS 
include technical and management aspects (Newman et al., 2005). Although SUDS has been 
implemented for years, good precedent project sources are indeed limited (Newman et at., 2005; 
Spectrum Research, 2003; and McKissock et al., 2003). There is in fact debates regarding 
maintenance responsibilities of SUDS implementation (Newman et at., 2005; and Wild et at., 
2003). Solutions in SUDS are very important as the system was initially designed to protect 
water resources while at the same time, gain ecological benefits. These system solutions are 
achieved by mimicking the natural system (Shaffer et al., 2005). Therefore, drainage is the 
responsibility of many disciplines (Figure 2.2.1). 
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Figure 2.2.1: SUDS design team (Wilson et al., 2004; and Shaffer et al., 2005) 
Van Buuren (1991) has highlighted the importance of knowledge and understanding of 
hydrological base phenomenon, such as water flows, hydrological cycle as well as water 
interaction between space and time. This application of knowledge integrates with the concept 
of landscape planning known as the `hydrological approach to landscape planning'. 
Understanding the hydrological phenomenon would allow those involved in any development 
or involved in management or authorities of identifying problems would highlight issues related 
to this phenomenon. 
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This framework concept could be best applied based on Malaysian conditions. Different from 
Netherlands, as researched by Van Buuren with issues highlighted concerning groundwater 
resources, the drying phenomenon and euthrophication, Malaysia focuses on the surface water. 
Groundwater is not a source of drinking water in Malaysia as the level is too high (near to the 
ground surface) and thus is easily contaminated. Therefore, knowledge of the hydrological 
phenomenon should focus more on surface water related issues. For example, the characteristics 
of Malaysian rivers could produce much information as it is known that the lower stretches of 
the rivers suffer heavy sediment loads especially after heavy rains (Embi, 2005). 
2.3 Principles and Components of the Sustainable Urban Drainage System (SUDS) 
SUDS has been introduced to reduce flood risk and pollution, and also to improve urban 
environment. SUDS employs three main techniques to reduce the impact of contaminated 
surface water discharges: source control techniques, permeable conveyance systems and passive 
treatment systems (Herefordshire Nature Trust). This is shown in Figure 2.3.1. 
Therefore, the basic concept of SUDS focuses on decisions regarding drainage on the 
environment and community. It gives consideration to: 
1. Surface run-off quantity 
2. Water quality 
3. Amenities for users 
These techniques have been used successfully in the UK (CIRIA, 2000). Many new 
development areas are applying SUDS in new surface water drainage systems design. It not 
only deals with the problems of surface water run-off but also enhances the sites considerably 
for children and nearby residents. 
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Figure 2.3.1: The urban drainage triangle - balancing the impact of urban drainage on the environment. 
(Source: CIRIA report C522) 
SUDS can be applied to any area in general because the design takes into consideration several 
urban settings. The design also considers engineering components, such as water run-off and 
capacity. This will then improve the current amenity and biodiversity. In order to ensure that 
SUDS are successfully designed, built and maintained, developers need to include them in their 
plans in the earlier stages of the process. There are three main approaches in SUDS (CIRIA, 
2000): 
1) The first approach is to apply a source control technique that is designed to counter 
increased discharge from developed sites as closely as possible and to minimise the amount 
of water discharged directly into the river. In order to get good results, a combination of 
elements such as porous pavements, infiltration trenches and infiltration basins will be used 
to support the techniques. 
2) The second approach is through a permeable conveyance system whereby elements, such as 
French drains or swale, are used in the design. 
3) The last approach is to use passive treatment systems. To get a better design, a combination 
of filter strips, detention basins, retention ponds and wetland can be applied. 
The application of SUDS is beneficial order to generate sustainable cities. To ensure that SUDS 
not only solves drainage problems technically, SUDS should be included in the master plan of 
the designing stage for aesthetic considerations. Aesthetics is indeed very important as part of 
enhancing city's image. It can be achieved by a good layout, planning and design stage in the 
process of landscape design. To ensure the sustainability of the design, the usage of the material 
should technically be from ecologically friendly material. It is in fact an alternative concept in 
the planning, design and management of stormwater drainage systems. The system gives equal 
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consideration to water quality, water quantity and public amenity. This drainage system will 
satisfy the following basic requirements: 
1. The developed area run-off should not be greater than the run-off prior to development 
2. The downstream watercourse or habitats should not suffer any downgrading as a result of 
the run-off from the developed area. 
3. Pollution in the developed area should be treated within the area itself. 
4. The water resource management should be highlighted as early as the design stage. 
5. The wider needs of the community are considered in the development of the design. 
One of the basic method applied in SUDS approaches is used in order to deal with run-off in the 
locality of the rain-fall, to manage potential flooding at its source, to protect water resources 
from its point as well as and diffuse pollution. Currently, there are four types of devices that are 
used in most SUDS practices in the UK as outlined by CIRIA. They are filter strip swales, filter 
drains and permeable surfaces, infiltration devices and constructed wetlands. 
2.3.1 Filter Strip Swales 
This component (Figure 2.3.2) is one of the easiest and cost-effective methods used in 
stormwater control measures (Deletic and Fletcher, 2006). The method is derived from the idea 
of natural principles of drainage systems. According to Deletic and Fletcher (2006), swales are 
open vegetated grass drains which filter the receiving water from its sources to the downstream. 
The concept is to allow water to run through a series of filter strips which are vegetated areas or 
in a shallow channel, after raining. The filter strip will reduce the water flow and at the same 
time, the water will be absorbed into the uncompact topsoil (CIRIA, 2000; and Deletic and 
Fletcher, 2006). This method has a cumulative effect if used extensively in catchments. Swales 
in facts have a quantity control function. The moderate longitudinal gradient or check dams 
along the swale will impound the water. The vegetation will filter the run-off and it will also 
trap silt and other solid contaminants. In an urban design, swales and filter strips can be 
included by integrating them as a basis for green corridors. 
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Figure 2.3.2: An example of a filter strip section and its app IiL "uIt n. 1' 'urre. CIRIA, . 000) 
2.3.2 Filter Drains and Permeable Surfaces 
A permeable surface is a surface that allows the passage of water through itself into a permeable 
sub-base before disposal (Figure 2.3.3). A process of filter drain occurs when the surface water 
from hard surfaces, such as roads, flows onto the permeable surfaces. Later, the water can be 
drained slowly to the discharge point or allowed to infiltrate into the ground. As a filter drain, it 
will let the water move along the drain through the sub-base to the discharge point. The 
unwanted particles are filtered by the sub-base devices, while the organic matters in the run-off 
are reduced by micro organisms in the sub-base material. The water stored in the ground can 
encourage the conservation of water resources, which can later be used for garden watering or 
other purposes. However, it should be cleared of any medium that can lead to the blockage of 
the pores and voids on the surfaces or gaps between blocks. 
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Figure 2.3.3: Example of permeable surfaces in a car park and 
technical details of a permeable surface. (Source: CIRIA, 2000) 
2.3.3 Infiltration Device 
Infiltration is a process in which surface water dissolves from the surface of the ground. This 
method (Figure 2.3.4) is based on the ability of the soil and underlying geology to absorb water 
with two functions: 
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1. To encourage infiltration by providing a large surface area for the water draining 
process. 
2. The device is equipped with storage ability to detain run-off during heavy rain, which is 
of a higher capacity compared to water soaked into ground. 
Infiltration basins work by detaining surface water before it is later soaked into the ground 
through the bottom of the basin. This infiltration device will work effectively if it is placed near 
to the run-off source. It is the best way to maintain the natural drainage pattern and it helps to 
reduce the amount of water entering the water bodies. The ground layers during the soaking 
process will filter and reduce organic pollutants biological role due to its. However, the level of 
pollutants will need to be identified, as it may need to be treated at an earlier stage before 
entering the infiltration devices. 
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2.3.4 Constructed Wetlands 
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Figure 2.3.4: An example of 
technical details of an infiltration 
device. 
(Source: CIRIA, 2000) 
Constructed wetlands (Figure 2.3.5) are used to improve the quality of point-sources and non- 
point sources from stormwater run-off and domestic waste water (EPA, 2003). Constructed 
wetland components generally consist of a designed basin that contains water, a substrate and 
plants. Other support components are communities of microbes and aquatic invertebrates, which 
normally will develop naturally. 
The surface water or run-off water is usually directed into a basin that has an impermeable 
subsurface layer to prevent the water from seeping into the ground. This criteria has allowed 
constructed wetlands to be built anywhere (EPA, 2003). Normally, a combination of basins, 
ponds and wetlands, are designed together as a device to control the water level. These SUDS 
devices involve an open water area as part of the drainage pattern. It controls the level of water 
and works as a flood plain store (CIRIA, 2000). The water level of this device can be controlled 
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to avoid flooding downstream. These drainage basins also contain constructed wetlands fier 
biological water purification. 
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Figure 2.3.5: A wetland under construction and a section of a pond. (Source: C'IRIA, 2000) 
Two type of plants used in constructed wetlands are vascular (higher plants) and non-vascular 
(algae) plants. Vascular plants have several functions in treating the wastewater, such as 
stabilizing substrates and the limitation of channelled flow, reducing the water velocity to allow 
settlement of suspended materials, and the vascular plants also trap carbon, nutrients and trace 
elements, to incorporate them into plant tissue. The photosynthesis of non-vascular plants' helps 
to increase the dissolved oxygen content of the water, which later affects nutrient and metal 
reactions. Microorganisms and metabolisms are fundamental characteristics in wetland 
functions (EPA, 2003; and Wetzel, 1993). These microorganisms transform the organic and 
inorganic substances into innocuous matter, altering oxidation to help the processing capacity of 
the wetland, and recycling the nutrients. The aquatic vertebrates and invertebrates contribute to 
the treatment process by fragmenting detritus and consuming organic matter. 
2.4 Human and Water Needs 
Urbanization is a very good contributor to the economy and has provided lots of working 
opportunities especially in a developing country like Malaysia. It is widely known that people 
migrate to urban areas to work. This phenomenon has increased the need for residential 
accommodation and has had an environmental impact due to human activities, especially on 
water issues. 
In general, urban activities and development have changed the basic quality and natural 
hydrological cycle in two ways. They are as follow: 
1. Introducing materials and organism into the water bodies 
Water is a molecule made up of an oxygen atom with two hydrogen atoms. However, 
irresponsible activities, such as household waste or industrial by-product dumped into 
the water bodies, arc polluting the water. Table 1.03 (refer to Chapter l) shows the list 
of common sources of pollution that threatens the water bodies. 
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2. Intervening in any phase of the hydrological cycle 
These interventions were purposely done to increase the water supply or to use the 
natural water resources to meet the needs of the increasing population. People need 
water for household uses (such as cooking, cleaning, gardening and others), irrigating 
crops, industrial purposes, hydroelectric and others. 
Since 1900, human population in urban areas has increased with an average economic growth of 
3% per year (RIVM Report, 2000). The RIVM report also mentions that 40% of land on earth 
have been developed by the year 2000. According to the RIVM Report, most of the urbanized 
areas are located in the water scarce areas; with 2.5 billion living in areas with more than 50% 
of the available water used, The figure will keep on increasing from time to time. Choguill 
(1996) quoted findings by the United Nations which states that the projection of urban growth is 
486 mega-cities by the year 2025 in the developing countries with at least one million 
populations. 
Many have been alerted to water scarcity or water issues, and these problems have been viewed 
globally. Lima and Castro (2005) suggest that the environmental concern is more efficient as a 
global issue and people usually neglect it at the local level. This phenomenon is known as the 
`environmental hyperopia'. The awareness is less at the local level compared to the global issue 
according to Lima and Castro (2005); with the sources of information at the local level not 
being as trustworthy as the global ones. 
Urbanisation and development cannot be stopped to improve the environment but should be 
improved ecologically which in turn can benefit human needs (Kaplan, et at., 1998). Water 
scarcities have forced a need for solution, especially in urban areas. Therefore, two methods in 
improving the problems are proposed as follows: 
1. To improve the current rapid disposal method used in the urban drainage system 
2. To introduce the sustainable drainage approaches. 
In drainage and water related issues, SUDS was initially introduced to provide a solution to 
dispose of stormwater in a sustainable way. However, SUDS implementation required holistic 
approaches, which not only focuses on the design but the whole implementation processes 
(C523 CIRIA, 2001). SUDS is a concept that gives opportunity to decision-making related to 
urban drainage systems by considering the environment and community (C523 CIRIA, 2001). 
The sustainable triangle concept (Figure 2.4.1), shows the need for an adequate balance in the 
environment for water quality, water quantity and amenity, or better known as Best 
Management Practice (BMP) facilities. BMP takes account of the following: 
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1. Surface runoff quantity 
2. Water quality 
3. Amenity valve of water in the built environment 
Public perception and acceptance of SUDS in their residential areas would give a clearer picture 
of their awareness and effectiveness of the SUDS scheme. Water related issues arc now 
attracting worldwide concern. However, according to Lima and Castro (2005), there are two 
levels of environmental concerns at present. Global environmental issues are in fact more on the 
rise compared to those at the local level. Therefore, this study will concentrate on related 
drainage issues in urban housing areas at the local level. 
Water Quantity 
Water Quality BMP (flooding, low flows) 
Facility 
Amenity 
Figure 2.4.1: SUDS triangle concepts (Source: D'Arcy and Frost, 2001) 
SUDS has been implemented in many Western countries. However, it is new to developing 
countries. In Malaysia, SUDS is known as Urban Stormwatcr Management Manual for 
Malaysia (MSMA), was officially implemented in 2001. However research related to SUDS had 
been conducted as early as 1997. Further discussion on SUDS concept has been discussed in an 
earlier topic (refer to 2.3). 
2.5 Conclusion 
The development of Malaysian housing scheme and systems have been influenced by historical 
and economic factors. However, the process of urbanisation have highlighted problems that 
have occurred due to the urban processes, such as planning and facilities strategies, public 
health and environmental degradation. The need for proper living environment will ensure 
community wellness. This is because improper planning can cause unhealthy living 
environment, especially those without proper sanitation, waste and drainage system. Living with 
appropriate services and facilities will not put the residents at risk of water borne diseases such 
as dengue, malaria, and pathogen threat. The Malaysian government attempt in supporting the 
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Local Agenda 21 have been directed to the development and implementation of SUDS. An 
introduction to basic components applied in SUDS would provide a general idea on how SUDS 
is developed. Creativity and an understanding of the SUDS principles would help to develop 
good SUDS within housing schemes. 
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Chapter 3 
SUDS in the Malaysian Context and Water Related Issues 
3.0 Introduction 
`Vision 2020' has been inspired as a nation's vision for Malaysia. It was inspired by Malaysia's 
former Prime Minister, Tun Dr Mahathir Mohammed. The aim is for Malaysia to be a 
developed country by the year 2020. Malaysia is expected to achieve the achieved the status of 
an industrialized nation by then. In realizing this vision, rapid urbanization and industrial 
activities have been taking place in most major cities in this country. Nonetheless this current 
situation is believed to have an impact on the environment. The vision would emphasize 
Malaysia as a leading investment country, a shopping paradise, and a green city with a concept 
of A Garden Nation`. However, for a country to become a `garden nation', the landscape design 
must be pursued relentlessly in all development undertakings. The need to ensure the concept of 
total quality living with high quality environment is emphasized in planning and development, 
and also applied in the care of government initiated projects, such as Putrajaya and Cybcrjaya, 
which have been well received and supported by the population at large. 
Figure 3.0.1: Urbanisation in an estuar` (Source: DII) Website) 
Over the past years, water issues in Malaysia have been rarely mentioned and are not at a 
critical stage (Embi, 2005). This is because the country is characterised by an equatorial climate 
which has an average annual rainfall of 990 billion m3, of which 360 billion m3; or 36%, returns 
to the atmosphere as evapo-transpiration, 566 billion m3, or 57%, appears as surface run-off and 
2A Garden Nation is Malaysia's aspiration to emphasize the sustainable development base in the country 
and in the hope that, by the year 2005, sustainable development will have been fully implemented. 
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the remaining 64 billion m3, or 7%, goes to recharge groundwater (Abdullah, 1998). however, 
this situation has changed from one of relative abundance to one of relative scarcity in recent 
times (Abdullah and Mohamed, 1998). Population growth and rapid urbanisation in the last two 
decades has put pressure on the environment as discussed in Chapter 2. This is especially true in 
the west coast of Malaysia (Abdullah and Mohamed, 1998) (Figure 3.0.1). According to 
Abdullah (1998), the overall water demand is growing 4% annually. Quantitatively, this is less 
than 4% of the annual run-off but, due to the variations in rainfall, some regions of high water 
demand are approaching the limits of readily available water. Water stress has become more 
prevalent over the past few years; culminating in a water crisis in some parts of the country in 
early 1998. The rapid development of urbanisation and industrialization have contributed to the 
deterioration of river water quality. This in turn has further aggravated the water supply 
situation since 97% of the water used originates from the rivers (Figure 3.0.2) (Abdullah, 1998; 
Abdullah and Mohamed, 1998; and Embi, 2005). 
3.1 Malaysia's Hydrological Background 
Urbanisation has given most residents in housing areas a lot of' experience in terms of' 
development and progress. The natural land has mostly been covered by tarmac roads, concrete 
and cement, and this has caused the rainwater to speed off the land. This then results in flash 
floods. As a solution, the drainage engineers have for years practised what is known as `rapid 
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Figure 3.0.2: Examples of water crisis due to urbanisation in Malaysia. (Source: DID Website) 
disposal', where stormwatcr is quickly channelled from roofs to drains and then to rivers 
(Figure 3.1.1). Drains have been widened, while rivers have been modified into straight 
channels so that water can flow unimpeded (The Star, 2000). It has also been mentioned in a 
study conducted by the Department of Irrigation and Drainage Malaysia (DID) that the 'rapid 
disposal' method worked well on the beginning, but not in the current urban sprawl. 
Urbanisation takes 40% of an area to be built up for run-off to double and flow twice as fast. 
Furthermore, the run-off might be contaminated by the surface ground, such as biological 
material, oil, grease and others during the process (CIRIA, 2000) 
DID has taken action by widening and increasing the depth of the drains and rivers and by 
building culverts and bunds to protect water channels. This has been done as a solution to 
increasing stormwater run-off. However, flash flood problems still persist and aggravate 
flooding downstream. Realising that the scenario will not reach any conclusion, DID has 
decided to apply a `control at source' method which replaces `rapid disposal' method. This idea 
is a reverse form of the early method, where the aim is to delay the time for stormwater to reach 
the stream. The control-at-source method has been included in an earlier discussion in Chapter 
2. 
In January 2001, the new drainage design manual was officially used as a set of guidelines in 
development and is known as the `Urban Stormwater Management Manual for Malaysia' 
(MSMA). This manual is a sustainable approach drainage system that has been introduced to 
replace the 25 year-old `Urban Drainage Design Standards and Procedures' (Figure 3.1.2). On 
the other hand SUDS is a system guiding the necessary management of disposing of stormwater 
in sustainable ways. The system shows other sustainable solutions of disposing of water and 
wastewater into stormwater drains, but integrating a proper cycle for the water before reaching 
the water bodies. However, to get proper results for this study, it is essential to acknowledge the 
concept, approach and technical criteria that lay behind the system (MSMA, 2000). This 
eventually contributes and leads to the relevant aspects of the sustainable drainage system 
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Figure 3.1.1: The engineering solution Drainage system (Rapid disposal) and a residential area co Bred 
with tarmac and cement. 
network in housing schemes. It is anticipated that some concepts would appear in the study as 
follows: 
1. The whole concept and idea of SUDS 
2. Drainage system and policy in Malaysia 
3. SUDS as practised in western countries 
Urbanisation results in the growth and spread of impervious areas and the diversification of 
urban land use practices with respect to the hydrological and environmental terms. 
URBAN STORMWATER MANAGEMENT 
MANUAL FOR MALAYSIA 
(MANUAL SAURAN MüAA ALAN MALAYSIA] 
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Figure 3.1.2: The new urban stormwater manual 
3.1.1 The Early History of Hydrology 
The drainage system in Malaysia was first created for the purpose of irrigating crops. After 
going through several system chronologies in its history, the role of the drainage system in 
terms of facilities and management led to major changes. 
In its early days, when Malaysia was then known as Malaya, the Hydraulics Branch of the 
Public Works Department provided irrigation facilities and drainage work. However, following 
the slump in the tin and rubber industries in the late 1920s and the worsening rice situation in 
the country, the then British High Commissioner appointed a Rice Cultivation Committee in 
1931 to determine steps to be taken in order to encourage rice cultivation in Malaya in 1930. 
The Committee conducted a comprehensive survey and published its report. One of its main 
recommendations was that an Irrigation and Drainage Department should be established. It 
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would be based in the Straits Settlement and Federated Malay States and absorbed the 
Hydraulic Branch of the Public Works Department of the Federated Malay States (Aiken and 
Leigh, 1975). 
On 18` January 1932, this recommendation was accepted and the Drainage and Irrigation 
Department was established. The early years of the drainage department were between 1932 to 
1942. The department was involved in the development of 20,000 ha of new paddy land and 
improved the irrigation and drainage facilities to some 50,000 ha of paddy fields. By the end of 
1942, the department had taken over the maintenance of drainage work on 40,000 ha of estates 
and smallholders in Selangor and Perak. These reconstruction works and their extension raised 
the total area to about 80,000 ha (Abdullah, 1998). 3 
However, there was no new development during the Japanese Occupation from 1942 to 1945, 
and the areas under the drainage system were neglected. As a result, the drains became silted up 
and overgrown. When the British took over Malaya in 1945, it saw the beginning of the 
rehabilitation of irrigation work. Therefore, the government policy was to reduce the country's 
dependence on imported food supplies, with an emphasis on self-sufficiency in rice. Due to this 
objective, the Research Branch at Ampang and the Research Station was set up in 1953. In 
1954, the Irrigation Areas Act and Drainage Works Ordinance was enacted. Later in 1955, the 
department took further action by setting up the Hydrology Research Unit (Abdullah and 
Mohamed, 1998). 
After the independence of Malaya in 1957 when Malaysia then became known as the 
`Federation of Malaya', the Department of Irrigation and Drainage Federal headquarters in 
Kuala Lumpur became responsible for the overall drainage and irrigation matters in the country. 
Branch offices were set up in all the eleven states and settlements. Greater emphasis was placed 
on increasing the income and employment opportunities of the rural poor. With this objective, 
irrigation and drainage programmes were formulated to provide adequate irrigation facilities. 
This then enables the double cropping of paddy lands and the upgrading of drainage facilities to 
improve the production of tree crops, especially in smallholdings. Later, after the formation of 
`Malaysia' in 1963, additional state branch offices were established in Sabah and Sarawak. Both 
were officially opened on in 1 January 1967 (Abdullah and Mohamed, 1998). 
A national disaster was declared on 5`h January 1971 when severe floods occurred in many parts 
of West Malaysia. Following the damaging nation-wide flood in 1971, the Department of 
Drainage and Irrigation was entrusted to undertake an extensive flood mitigation programme in 
1972. Flood Mitigation and Hydrology was designated as a function of the Department of 
3 Abdullah is the current Director Department of Irrigation and Drainage Malaysia. 
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Drainage and Irrigation. Subsequent to this programme, dams were constructed, rivers canalised 
and drains improved to alleviate flooding in both urban and rural areas. Other measures include 
river diversion, river training and clearing as well as the upkeep and management of river 
reserves. A flood forecasting system was installed in the Kelantan River, Tcrcngganu River, 
Pahang River, Batu Pahat River, Muar River and Kelang River basins. The first Hydrological 
Procedure, `HP1: Estimation of Design Rainstorm in Peninsular Malaysia' was published in 
1973. To improve drainage systems, the Department of Drainage and Irrigation agreed to the 
formation of the Planning Branch for Project Planning and Feasibility Studies in 1979. 
With regards to the new era of the 1980s and the wider scope of management involved, the 
Coastal Engineering Division was established in the Department of Drainage and Irrigation in 
1986. Its scope of duties encompasses not only the physical aspects of managing and protecting 
nearly 4,800 km of coast in Malaysia from erosion, but also includes the collection and 
provision of important data and information on coastal engineering matters. 
Later, the Department of Drainage and Irrigation have launched the `Love Our Rivers' 
campaign on 20th February 1993, following by the Rio Declaration on sustainable environment 
(Abdullah, 1998, Abdullah and Mohamed, 1998, Embi, 2005). The objectives of the campaign 
were: 
1. To create public awareness on the importance of rivers and the roles they play in the lives of 
each individual so as to create empathy and love and to conserve the rivers. 
2. To introduce to the general public the steps and practices that can contribute towards the 
conservation and preservation of rivers 
3. To improve knowledge of river management techniques among relevant agencies 
responsible for river management to ensure harmonious and sustainable development. 
After the re-structuring of the organization of the Department of Drainage and Irrigation in 
2000, the Drainage and Flood Mitigation Division was added to the organisational structure. 
The core area of management was redefined; covering four general areas of `Water in 
Agriculture & Food Production', `Protection of Property and Life from River and Coastal 
Forces', `Water in Environment Enhancement' and `Water as a Resource'. 
After facing greater problems in water management, especially in urban drainage, the old 
hydrology manual was revised. On 21st June 2000, the Parliament of Malaysia approved the 
`Urban Stormwater Management Manual for Malaysia' to replace `Planning and Design 
Procedures No. 1: Urban Drainage Design Standards and Procedures for Peninsular Malaysia 
(1973)'. It became effective from 1$` January 2001 (Abdullah, 1998; and Embi, 2005). 
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3.1.2 Water Issues in Malaysia 
It is widely recognised that land use changes from rural to urban, or industrial areas, have 
caused local run-off impacts on receiving water flow, quality, and ecology. Apart from the 
erosion and sedimentation problems associated with development, it has become increasingly 
apparent that stormwater run-off contributes to receiving waters and is a significant part of total 
loads of such pollutants as nutrients (including phosphorus and nitrogen), heavy metals, oil and 
grease, and bacteria. Over the years, flood damage and the adverse impact on water quality, 
fisheries, scenic river areas, and wildlife habitats have been recognised as shortcomings of the 
long accepted approaches to the planning, design, and management of storm drainage facilities 
in urban areas. According to the Malaysia Water Industry Report 2001,98% of Malaysia's 
portable water supplies were derived from surface water sources, which were subjected to both 
domestic and industrial pollution (Pillay and Mohd, 2003) 
As a result, lakes, ponds, reservoirs, and estuarine and coastal waters have become sensitive 
areas to increased rates and volumes of run-off and pollutant discharges. These discharges have 
posed major issues to many urban and residential centres, particularly in the west coast of the 
Malaysian peninsula. The problems have become even more aggravated by frequent intense 
rainfalls, the physiological nature of basins, and the pattern of urbanisation with relatively poor 
urban services (MSMA, 2000; and Embi, 2005). 
Conventional storm drainage has long been the practice in many countries including Malaysia. 
Local decision makers and professionals have just begun to recognise the need for a new and 
broader approach to urban stormwater management in the light of development in the country 
progressing at a tremendous pace (Abdullah, 1998; Abdullah and Mohamed, 1998; and Embi, 
2005). 
Every professional currently engaged in such development should, therefore, accept the new 
concept and challenging roles of not only designing satisfactory flood protection facilities but 
also of controlling and reducing stormwater pollution in urban catchments and receiving waters. 
The level of technical know-how of our practising engineers and the quality of stormwatcr data, 
need to be upgraded in readiness to develop and achieve sound design practices and operational 
procedures in terms of sufficiency and reliability. This is done in order to deal effectively with 
existing and future stormwatcr systems (MSMA, 2000; and Embi, 2005). 
Furthermore, to support SUDS practices, Water Agencies from each state in Malaysia should 
cooperate and standardize rules and regulations, and customize the operation terms, conditions 
and other related issues. For example, the water tariffs from each state agency at present arc not 
44 
standardized. This can be seen in the tables below (Takle 3.1.1, Table 3.1.2, and Table 1.1.3). 
This then shows that there is no standard procedure for water management application in 
Malaysia. According to CIRIA (2000), SUDS applica tion needs involvcincnt from all 
stakeholders, as discussed earlier in Chapter 2. 
Tariff User categorise Kates On') Charges I\1I0 Minimum payment 
(NI R) 
I Domestics 1-15 0.38 1 no month 
16-30 1.18 
31-45 1.64 
46-100 1.98 
>100 2.01 
2 Trade 1-20 2.22 18.48/month 
>20 2.96 
3 Domestics (bulk meter) 
condominium, flats, apartments 
Pro rata 1.18 4.00/month 
Table 3.1.1: Water tariffs of the Johor Water Company (SAJ) (Source: SAJ) 
PBA 
1 ariff ('ser categorise Rates (litres) Charges (MR) Minimum payment 
11R 
Domestics 1-20 000 0.22/1 000 litres RM2.50/munth 
20 000-40 000 0.42/1 000 litres 
40 000-60 000 0.52/I 000 litres 
60 000-200 000 0.90/1 000 litres 
200 000 1.00/I 000 litres 
2 Trade 1-20 000 0.52/1 000 litres RM I0.00/month 
20 000-40 000 0.70/1 000 litres 
40 000-200 000 0.90/1 000 litres 
>200 000 1.00/I 000 litres 
3 Domestics (bulk meter) 
condominium, flats, apartments 
> 90 000 0.35/1 000 litres RM26.00/month 
1 able s. l. z: Water taritts of the Penang Water company (t'UA) (source: NBA) 
DAS 
Tariff User categorise Rates (litres) Charges (MR) Minimum payment 
1IR 
- 
Domestics 1-20 000 0.57/1 000 litres N. A 
72 Domestics (bulk meter) 1-20 000 0.57/1 000 litres NA 
condominium, flats, apartments 
Table 3.1.3: Water tariffs of the Selangor Water Company (SYABAS) 
3.2 Existing Drainage Practices 
Present experience indicates that rapid disposal localised, reactive and mono-functional 
drainage concepts have been widely practised in Malaysia. Although the situation may differ 
from one country to another, or even by region with regard to development, the rational method 
is to adopt the standard measurement for most drainage structures. While standard design 
procedures have been available since early 1970s, the peak discharge estimation method has 
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been freely used, even for large and complex hydraulic structures in large catchment and tidal 
areas. As a result, cost effective design and construction have seldom been realised. Practices in 
Malaysia have thus far relied very much on slight adaptation or even direct use of temperate 
region-based urban hydrology design procedures and computer modelling. 
In Malaysia, urban drainage practice has been largely based on the 1975 DID Urban Drainage 
Design Manual. The approaches to the design procedure, in terms of the methods and 
techniques employed, have not been reviewed and upgraded although advances in urban 
drainage and stormwater management technology are continuing and circumstances have 
changed as evidenced by the increased frequency of flash floods and water quality problems 
occurring in many urbanising areas in Malaysian towns and cities. 
In relation to the contents of the former manual, some recognised weaknesses were associated 
with institutional and legal issues, strategic or master planning concepts, discharge estimation, 
minor and major drainage facilities, computer simulation, and run-off quantity and quality 
controls. These were inadequately covered or not included in the manual. 
3.3 Problems in the Conventional Drainage System 
"Malaysia is becoming more and more a wasteful 'throwaway society' every 
day. Unless `Green consciousness' grows among our people, we will 
continue to generate more and more solid waste in the years ahead. " 
(Phua and Soo, 2004; 84-85) 
Some of the stormwater-associated problems being encountered in Malaysia are caused by 
human activities. Due to rapid development activities, problems include flash flooding, water 
pollution and ecological damage, slope failures, traffic disruption, garbage and floating litters 
(Phua and Soo, 2004). 
Major zones that are prone to these problems include urbanised and urbanising centres such as 
Kuala Lumpur, Georgetown and Johor Bahru. Inland localities normally experience short flash 
floods while coastal towns face larger, longer duration floods due to expanded basin runoff 
contributions, flattened floodplains, and tidal influences. Many urban rivers, lakes and ponds arc 
rendered unfit for use, either in-stream or off-stream, as they arc flooded and over-loaded with 
non-point source pollutants in wet periods. In addition, their water bodies experience more 
concentrated point sources due to reduced base flow contribution in dry periods. An 
interpretative evaluation of river water quality has revealed that increasing proportions - more 
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than 60% of the Malaysian inland waters - arc failing due to pollution from non-point sources or 
storm-generated activities, particularly in urban areas (MSMA, 2000; Phua and Soo, 2004; and 
Embi, 2005). 
3.4 Traditional Drainage Practices in Malaysia 
As discussed earlier in the previous chapter, the drainage system was first emphasized for crops 
irrigation. However, during earlier urbanisation of Malaya (as Malaysia was then known) 
drainage has been seen as a solution towards water borne disease. In 1901, Klang Valley was 
one of the important rubber and coffee cultivation areas (Konradsen et at., 2004). Therefore, 
many people migrated to the areas to work in agricultural field. This then increased demands for 
housing areas. New settlements were opened within the area to fulfil the requirement, which 
later caused malaria problems. Malaria affected many workers, the government administrators 
and labourers who were continuously ill. It was found that improper sanitation and drainage 
system had allowed the mosquitoes carrying the disease to breed. Improvements of drainage 
systems had been recognized as a method to alleviate the malaria issue. According to 
Konradsen et al. (2004), the experience from Malaya in vector control has been transferred to 
the rural areas of the United State of America (USA), Singapore and many parts of Asia. 
However, there are many rural parts in Malaysia which still practice the traditional drainage 
system as it is difficult for the local authority to control them. This because their boundaries of 
jurisdiction are limited and there is restriction related to the issues of private properties. The 
scenario, for example is that water from toilets is directed into tanks which are dug behind 
properties (Figure 3.4.1). Most of the villages in rural areas do not subscribe to proper sanitation 
systems. New tanks will be dug while the old tank will be covered when it is full. On the other 
hand, domestic wastes will be drained directly into the nearest water bodies or swamp areas 
(Figure 3.4.2). 
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Montada, et al. (2007) believes that environmental protection is a political objective that can 
only be achieved with full support from the public. Therefore, a formula should be identified to 
ensure that properties which are governed not under the local authority will also benefit from 
sustainable development. 
3.5 Sustainable Solution Drainage System (MSMA) - Urban Stormwater Management 
Manual for Malaysia 
MSMA was published by the Department of Irrigation and Drainage of Malaysia (DID) in 
2000. it was officially used in all developments in 2001. It was introduced to replace the earlier 
guidelines, the Urban Drainage Design Standards for Peninsular Malaysia, which had been in 
use since 1975. 
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Figure 3.4.2: Domestic wastes are drained directly onto the ground. It will be left to disperse into the 
ground or flow into the swamp areas behind the house. 
After more than twenty years of using the old hydrological manual, a number of problems arose 
due to urbanisation activities. Problems that have been determined by DID arc drainage 
concepts that are not sustainable or suitable, the use of a rational method to size most drainage 
structures without considering the differences in hydrological factors from each state, and the 
peak discharge estimation method that has been widely used even though it is not suitable for 
bigger complex catchments and tidal areas (MSMA, Vol 1, pp. 3). DID has identified that some 
of the problems were closely related to institutional and legal issues, strategy and master 
planning concepts, discharge estimation, minor and major drainage facilities, computer 
simulation and run-off quantity and quality problems. 
In general, the manual has introduced a number of approaches in stormwater management. This 
manual is a guide for those who arc involved in stormwater management, such as planners, 
engineers and designers (MSMA, Vol 1. pp. iv). The basic idea for introducing this manual is to 
aim for better environmental stormwater management. This manual aims to minimise and 
control flooding and pollution risks. It also takes into consideration wildlife habitats and aims to 
enhance landscape values (MSMA, Vol 1, pp. 6). It is a good solution that works the other way 
round from the old manual; with a traditional concept of drainage based on rapid disposal 
method. The 'post-construction runoff quality controls' and `special application' parts arc the 
ones newly introduced to the Malaysian system. This is because the area of content is more 
closely related or similar as discussed in CIRIA C512 (SUDS Manual for Wales and England). 
As in CIRIA C512, it outlines three approaches to be taken into consideration in implementing 
SUDS, quantity, quality and amenity. However, there is a difference in the MSMA SUDS parts. 
In MSMA, approaches to SUDS are divided into two. The first is the run-off quantity 
management strategies while the other is the run-off quality management strategies. There are 
two approaches in run-off quantity management strategies: the conveyance-oriented approach 
and storage-oriented approach. The run-off quality management strategies have been divided 
into three `Best Management Practices'; namely housekeeping BMPs, source control BMPs and 
treatment control BMPs. 
MSMA community involvement and participation values have also been taken into 
consideration. There are three objectives for the public participation programme. They are to 
raise awareness of the authority's responsibilities in stormwater management, to gain extra 
information for stormwater strategic planning and to get the support from the public for 
stormwater management. The `housekeeping BMPs' have been emphasized more as a tool to 
change public attitude in reducing the amount of pollutants that enter stormwater systems. The 
aim is to control or prevent pollution at source. DID has proposed a number of activities, such 
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as community education and participation activities, management activities, operation and 
maintenance activities and improvement of site planning and management. 
However, to get the attention of the public is rather difficult since the urban stormwatcr system 
is far from public interest. DID in the manual mentions the following; 
"The public generally take the urban stormwater system for granted. 
Accordingly, public interest and willingness to pay for planning, designing, 
constructing and operating stormwater systems tends to literally rise and fall 
in relation to the flooding or other related problems... " 
(MSMA, Vol 3; 1) 
In the MSMA, the planning took the public into consideration as described in the `social 
values'. Here, three factors are outlined: public health and safety guidance, recreation and visual 
amenity. 
3.6 Public Participation - Public Involvement in Malaysia 
In Agenda 21, it has been stated that one of the factors in supporting sustainable development is 
public participation in decision making. Therefore, public and all stake holders need to get 
involved at the early stage of development such as during the Environmental Impact 
Assessment (EIA). They should also have access to information. The Malaysian Nature Society 
(MNS) (2005) found that there is still a lack of public participation in Malaysia. Furthermore, 
stakeholders have only been involved at the final stage of development (MNS, 2005). MNS is 
one of the non-government organisations (NGO) in Malaysia which claims that the NGO's role 
in encouraging public participation is important (MNS, 2005). 
The government attempt in emphasizing sustainable development to improve a better living 
environment is an objective that can only be obtained through commitment by the public 
(Montada et al., 2007). However, public commitment also needs individual awareness to 
support community welfare, especially related to environmental issues. Individual interests 
might differ from one individual to another, therefore, it is important that the public arc supplied 
with sufficient information and can easily access the information portal. 
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3.7 Government Actions - Sustainable Development Awareness in Malaysia 
Sustainable development is an activity of physical dcvclopmcnt of an area which cnsurcs good 
planning and provides a healthy physical surrounding for the community (Ministry of Housing 
and Local Council, August 1999). 
In August 1999, a brief session was organised by the Malaysia Ministry of Housing and Local 
Government for all representatives of Local Councils and the Departments of Urban and Town 
Planning regarding sustainable development. The guidelines contained a list of fourteen points 
on the major principles of sustainable planning and development. This was the beginning of an 
sustainable evolution in Malaysia, which has now been implemented in a few major 
development projects (Ministry of Housing and Local Government, August 1999). Malaysia's 
new government administration township in Putrajaya is one of the current developments 
undergoing sustainable planning. The first phase of the development has finished while the 
second phase has just started. The project is expected to be completed by the year 2015. 
3.8 Water Related Environmental and Design Requirement Legislation In Malaysia 
As a result of urbanization, Malaysia has suffered environmental problems especially water 
pollution. Due to this situation, the Malaysian government has enacted a number of laws and 
regulations related to this environmental problem. The emphasis was focused more on water 
issue-related legislation and enactment. 
The Malaysian Ministry of Science and the Environment has been given authorization to carry 
out environmental-related legislation. The legislation has been created to control pollution from 
various sources. Therefore, there arc several legislations undertaken by the Malaysian 
Government to mitigate environmental problems especially those related to water issues. They 
are as follows: 
" The Environmental Quality Act 1974, and 1984 (amendment) 
i. This Act was enforced on 1°` April 1988. 
ii. This act aims to control environmental issues related to air, oil palm and rubber 
process activities, vehicles, sewage, and industrial waste. 
st 
" The Environmental Quality Procedure (Oil Palm, 1977) 
i. It was first implemented on 1" July 1978. 
ii. This procedure is related to water quality parameters such as sedimentation, 
p1i, tcmpcrature and others. 
iii. The enforcement of this procedure is being conducted in several phases. 
0 The Environmental Quality Procedure (Sewage and Industrial Effluent, 1979) 
i. This procedure was officially used in Malaysia On 1" June 1979. 
ii. In this procedure, the central municipal treatment plant has been enforced in all 
factories, housing schemes and core businesses, but emphasis is limited to 
certain covered areas. 
" The Environmental Quality Procedure (Bio-Oxygcn Demand and Chemical Oxygen 
Demand Effluent, 1985) 
i. It was enforced in Malaysia on 1" July 1985. 
ii. The procedure has made it compulsory for all factories with chemical, 
biological and oil effluents to be registered with the Department of the 
Environment. 
iii. The effluent should be dumped in a special treatment area with processing 
facilities. 
0 The Pesticide Act, 1974 
i. It is carried out by a collaboration between the Ministry of Agriculture, the 
Ministry of Health and the Department of the Environment. 
(Refer to Appendix C, on water related regulations and acts in Malaysia. ) 
The requirement for open spaces has also been seriously looked at in order to ensure that the 
percentage of impervious areas in urban development can be controlled and monitored. 
Therefore, under the Town and Country Planning Act (Amendment), 1995 (Act A933), 10% of 
land approved for any development project in urban areas should be designated as open space 
for recreational purposes (Landscape Architecture Malaysia, Issue No 4). 
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3.9 `Love Our Rivers' Campaign 
Referring to the campaign progress report (DID Wcbsitc, 2001), this 'Love Our 
Rivers' 
campaign has been carried out in three phases. The first phase started in 1993 and has continued 
till now. The second phase started in 1996, while the final phase was launched in 2000. 
The first 
phase consists of five main activities: 'Pct river', 'River monitoring', 'Education and 
forum', 
'Rivers expedition' and 'River caring'. 
This campaign was launched on 20`h September 1993, and the month 'September' has 
been 
declared the 'Love Our Rivers' month. Each year, the campaign is celebrated with different 
meaningful themes. Below are themes that have been presented each year since 1993 ('Love 
Our Rivers' Websitc, 2000); 
1993 - Beautiful and Clean Rivers arc My heritage 
1994 - River's Cleanliness is Everyone's Responsibility 
1995 - Rivers: Source of Recreation 
1996 - Prevention is a Basis of Rehabilitation 
1997 - Prevention is a Basis of Rehabilitation 
1998 - Love Our Rivers, Water of Life 
1999 - Love Our Rivers, Water of Life 
2000 and onwards - It's My Rivers, It's My Life 
In 1996, with the theme 'Prevention is a Basis of Rehabilitation', the campaign stressed the 
enforcement of river management. Seminars and short courses were carried out to introduce the 
management team to river management techniques. These management techniques emphasize 
sustainable management approaches known as `Best management practice' (BMP). Among the 
steps taken involving the states and districts are as follows: 
1. Organising a task force for river management 
2. Preparing an inventory analysis in identifying the causes of pollution. 
3. Introducing the task force team with water related regulations and acts 
4. Publishing books and guidelines on river related activities 
Despite six years of the `Love our rivers' campaign and extensive media publicity, the effort to 
improve or even sustain the cleanliness of the one hundred and fifty river systems has been an 
uphill task and largely unsuccessful (The New Straits Times, 1998). However, the campaign, 
which was launched to raise public consciousness on the need to appreciate and keep rivers 
pollution-free, has shown a good response. The 'pet-river' scheme is a scheme where the village 
security, development committee, school or district needs to select a river for maintenance. The 
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report mentioned that, from only seventy-thrcc rivers in the early stages, the scheme grew to 
cover one hundred and sixty rivers as more schools and village committees responded to the 
idea of river rehabilitation (The News Straits Times, 1998). 
Only six states were fully involved in the second phase. The second phase programmes arc still 
being conducted until today. In the year 2000, the third phase was officially launched. This 
phase involved a programme which emphasizes the commitment and responsibility of related 
agencies and the public. however, to ensure the success of the campaign, the original objectives 
have been amended. They are as follows: 
1. Emphasizing the responsibility, awareness and appreciation of rivers among the public. 
2. Encouraging participation in river conservation activities. 
3. Educating the public with information on the rehabilitation and conservation of rivers. 
According to Embi (2005), the factor that has been identified as an obstacle to the achievement 
of this campaign is the incapability to control the source of pollution especially from the 
industrial area as it is under the jurisdiction of the Department of Environment. Other than that, 
many sources were under local authorities who were difficult to control due to a lack of the 
capacity and knowledge to enforce the regulations. 
3.10 Supporting Roles in SUDS Application 
As discussed earlier in Chapter 2, all stakeholders should play their roles to ensure the success 
of the application of SUDS. Public roles may start from their home and daily routines, but the 
roles of the professionals are the most important one. This is because they need to ensure that 
the public understand the important of SUDS and, at the same time, arc comfortable with their 
surrounding. However, a survey conducted by the Town and Country Planning Department 
shows that the insensitive approach in providing facilities for the public have resulted in the loss 
of gazetted open spaces (Landscape Architecture Malaysia, Issue No 4, Town and Country 
Planning Act (Amendment), 1995 (Act A933)). There is no specific procedure to secure the 
status of open-space (Landscape Architecture Malaysia, Issue No 4). However, the planner and 
the landscape architect could play an important role to ensure that the open-space is provided 
within the required boundary of development. A good collaboration with the development 
consultant is important in order to produce a better development planning. Embi (2005) 
suggests that it is important to provide sufficient knowledge through for example, a reliable 
information portal, seminar and courses, for industrial consultant, developers and enforcing 
authorities. 
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3.11 Conclusion 
In this chapter, emphasis has been given to issues related to the Malaysian context and how 
these issues are being taken care of. An introduction to on the history of the hydrological 
background in Malaysia provides an idea of drainage system development process that has been 
conducted in Malaysia. Issues related to water has also been highlighted. This includes issues of 
the pollution and drainage management. These issues have resulted in the replacement of the 
Hydrological Procedure 1975 with the MSMA. The Malaysian government has shown major 
concern and made initiative to improve the quality of water in Malaysia. This can be seen 
through the discussion presented on the campaigns as well as act and regulation that been 
enacted to protect the environment. 
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Chapter 4 
Methodology 
4.0 Introduction 
The methods that have been used to obtain the results in this study consist of questionnaires, 
interviews and theoretical analysis. The theoretical development covers the first part of the 
research problems as discussed in Chapters 2 and 3. They comprise three problems as stated 
below: 
1. What are the main elements of the sustainable approach to drainage systems in urban 
housing schemes as developed in western countries? 
2. What are the main problems associated with urban drainage in Malaysia and what are the 
usual solutions? 
3. How can the SUDS principles be adapted onto the Malaysian housing context? 
The sample testing that has been conducted is to identify a solution for the second part of the 
research problems. They are as follows: 
1. What arc the main barriers to the application of sustainable drainage schemes in Malaysia, 
and do the design professions in Malaysia have; 
a. Knowledge of such systems and, 
b. Are they willing and able to implement them? 
2. How acceptable to the public would a sustainable drainage system approach be? 
4.1 Identifying the Malaysian Study Area 
The case studies were conducted in two areas, namely in Johor Bahru and Putrajaya. These 
areas were chosen based on the drainage system that were applied in the selected housing areas. 
However, the case study also included the IIio-Ecods in the campus Univcrsiti Sains Malaysia 
in Penang as it uses a sustainable method drainage system invented by the REDAC that suits a 
tropical climate. 
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The town of Johor Bahru is situated on the southern part of Peninsular Malaysia and is the 
capital state of Johor. It has suffered major pollution problems due to urbanization, In the year 
2002, the state government received suggestions from an environment consultant to spend 
RM945 million (£136million) to implement rehabilitation on three of the four most polluted 
river in this state. s Out of the eighteen main rivers in Johor, only the Mersing River, the 
Jemaluang River, the Sedili I3csar River and the Paloi River are considered clean. Ten others 
are founded to be moderate and four are seen as badly polluted. A study carried out by the 
University of Technology Malaysia (UTM) and Asia Water and Environment Private Limited 
reveal illuminating findings. The study shows that 90% of the pollution affecting Sungai Skudai 
was caused by domestic sewage while the industrial areas contributed a total of 10%, 70% of 
the Sungai Segget pollutants were domestic sewage and 30% came from non-point sources, 
such as garbage swept away by run-off rain water into the river. 71% of Sungai Tcbrau was 
polluted by domestic sewage; 28% by non-point sources and only 1% by industrial waste. The 
site criteria considered for this study as follows: 
1. Johor Bahru town has been one of the most rapidly urbanised town over the past ten years 
and has suffered lots of environmental problems especially related to water. b 
2. There are lots of housing schemes in this district and it is reported that domestic sewage is 
one of the major causes of river pollution.? 
Putrajaya, on the other hand, is a newly developed township with sustainable approaches. The 
township implements a different approach to its drainage system and is also equipped with a 
lake and constructed wetland. As a new government administrative township, Putrajaya was 
planned together with its residential precincts. Each residential precincts were completed with 
proper planning drainage systems. The drainage systems in Putrajaya were planned to suit the 
Putrajaya lake that has been claimed to be safe for any water base activities. There arc also 
rivers which flow across Putrajaya and pasts through the wetland areas. Further discussion on 
these areas are discussed together with the case studies in Chapter 5. 
s As reported by the New Straits Times regarding nine polluted rivers in Johor. 6 Johor Bahru is one of the towns listed in MSMA Volume 1. Others are Kuala Lumpur, Penang and 
Ipoh. 
7 Utusan Malaysia (25th August 1997) in the article 'Kemas kini system perparitan di perumahan' (Re- 
organise drainage systems in housing areas) highlights that most of the drainage systems in housing areas 
in Johor is not capable of catering for current development. 
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4.2 Sampling Frame 
The sampling frame was sent randomly via postal survey method to residents of two selected 
housing areas in Johor Bahru and Putrajaya. They were those who have experience living in 
urban housing areas which provided either the conventional drainage system or the sustainable 
drainage system. 
4.3 Selection of Respondents 
The survey also offered the opportunity to sample to be contacted for further feedback related to 
the study. This then allowed the researcher to identify sample who were aware of related issues 
and willing to participate in the study. Those who informed their availability to participate in the 
study were chosen based on demographic criteria in order to form a smaller focus group. The 
criteria that had been considered for the focus group respondents were as follow: 
a. The respondents were from various age groups who had lived within the selected site (Johor 
Bahru and Putrajaya). 
b. They experienced either the conventional or sustainable drainage system in their daily lives. 
4.4 Research Tools 
Combinations of qualitative and quantitative methods were selected as tools to support the 
study. The combinations of these two methods are for the purpose to support weaknesses which 
could come from using a single method (Olsen, 2004). The questionnaires functioned as the 
primary tools and were piloted earlier to identify any weaknesses. The questionnaire survey was 
conducted after a few amendments. Results from the questionnaires were analysed earlier to 
support the development of question or topic that would be used in the focus group discussion 
in a later stage. Further discussions are presented later in the chapter. 
4.4.1 Quantitative Research 
Questionnaires have been widely used in social research to assess user's needs, evaluation, and 
environmental and behavioural research (Bechtel, ct. al., 1987; Kutcr; and 2001, Robson, 2002). 
Based on the second part of the research problems as stated earlier it is felt better then for the 
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researcher to apply a postal distribution methods. Ilowever, this method does have its advantage 
and disadvantage which lcd this study to observe the following: 
a. This method is the fast and efficient way to get in touch with big scale potential 
respondcnts. 
b. This mcthod allow anonymity and cncouragcs respondents to discuss or complain about any 
sensitive issues. 
c. This method identifies awareness amongst the public to put their effort in replying 
questionnaires that come together with reply envelope. 
d. This method has a low response rate, which then reflects their willingness to participate in 
this study. 
In this study, data collected from the quantitative method have been analysed using frequencies 
and correlation. This method is very efficient for the research purposes of this study, as the 
information is gathered from a large number of respondents. 
4.4.1.1 The Significance of the Questionnaire Method 
In this study, there are two sets of questionnaires that have been designed. The first 
questionnaire had been designed for the public and the other for professionals who were 
involved with drainage systems. Both sets of questionnaires were designed with a combination 
of multiple choice questions and open-ended questions. 
The questionnaires for the public were distributed to respondents living in urban housing 
schemes in Johor Bahru (JB) and Putrajaya. The use of this postal-distribution questionnaire 
method generated 282 responses from JB and 165 responses from Putrajaya. These 
questionnaires were divided into six sections; with each section representing a different research 
theme. The themes of each section were as follows: 
Section 1- Personal Background 
Section 2- Satisfaction with the current drainage system 
Section 3- Awareness of drainage-related environment problems 
Section 4- Drainage practices 
Section 5- Improvement to drainage system 
Section 6- Additional information 
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In Section 1, eight questions on demographic factors were posed. All questions were given 
multiple-choice answers. For Section 2, questions were given with nine water related issues. 
The respondents were then required to identify problems that they had experienced and the 
frequency of the problems occuring in a year. This was also undertaken to discover the public's 
fcclings with regards to drainage or problems related to drainage. 
For Section 3, question were designed to identify public awareness of drainage related 
environmental problems. Questions consisting of eleven problems associated with water or 
drainage were posed. The public were required to choose answers based on the level of their 
concern with the given issues. 
In section 4, eight activities related to the environment and water were described. Respondents 
were then requested to choose answers based on their interest to participate in each activity. 
Section 5 presented the twelfth question of the questionnaire. The respondents were requested to 
voice their opinions on the needs for improvement on current drainage systems. The final 
section, Section 6, is the part in which respondents were asked whether they were willing to be 
interviewed, and to share their contact details. 
The second groups comprised professionals who were involved in the development of urban 
housing schemes. The professionals came from different backgrounds and were from major 
towns in Malaysia. Thirty-six feedbacks were received from the professionals. The 
questionnaire for the professionals divided into five sections; with each section representing a 
different research theme. The themes of each section arc as follows: 
Section 1- The Professional's Background 
Section 2- Identification of drainage problems in Malaysia 
Section 3- Knowledge and experience on SUDs components 
Section 4- Opinion on barriers of SUDs application in Malaysia 
Section 5- Additional information 
Section 1 was made up of four questions on demographic and working information. In Section 
2, two questions were posed, and the professionals were required to list three problems related 
to the drainage system in Malaysia in general and the residential area in particular. 
In Section 3, questions involving eight SUDS components were posed. The professionals were 
then required to describe their understanding of the respective components. They were also 
asked to identify the advantages or disadvantages of each component. Other than that, the 
professionals were also requested to declare their experience pertaining to each component. 
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Section 4 had eight options of obstacles occurring in a residential area. The professionals were 
required to choose the options that they think would be the barriers in residential areas 
in 
Malaysia. They were also asked about the sufficiency of MSMA information in dealing with a 
drainage system in a residential area. The last section was reserved for contact information for 
future correspondence purposes if the nccd arises. 
4.4.2 The Interview Session 
The interview was conducted in two sessions; the first four the public group and the second for 
the professionals. The interview questions for the groups were based on a combination of 
structured and open-ended interview questions according to their current housing surrounding 
experiences. There was also a question posed based on images. Two sets of images were used; 
one consisted of a set of drainage models images and the other a set of SUD components. 
The interview for the professionals rcolvc around questions based on their idea and views SuDS 
application in housing areas in Malaysia. Results from the interview were also used to assist in 
the analysis of data before obtain from the questionnaires. 
4.4.3 The Public as a Focus group 
A focus group is a group interview on a specific topic of a related group background (Robson, 
2002). In this study, the focus group needs to discuss a topic related to the drainage of a housing 
scheme they live in, and also how they perceive the application of SUDS. The researcher 
facilitates the focus groups by acting as the discussion moderator. A smaller group discussion of 
fie to seven people is preferable. The focus group is secondary data collection that cannot be 
obtained during the postal questionnaire survey. Based on the the results obtained from the 
questionnaire survey and analysis, questions and topic for discussion can then be formed as a 
guide during the focus group discussion sessions. This method has been used by Ilyland in 1994 
to develop a series of quality of life questionnaires (Robson, 2002). In this study it helps to sec 
how the public perceives the quality of their living environment, especially those related to 
drainage systems. 
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4.4.3.1 The Objectives of the Focus Group Discussion 
Thcrc arc three main objectives for conducting focus groups discussions for this study. They arc 
as follows: 
Objective 
To fill in gaps which occurred during the base line study, the focus group provides an informal 
opportunity to obtain what is typically qualitative data, which cannot be easily obtained from a 
questionnaire. 
Objective 2 
To get feedback from the residents of an urban housing scheme, age and gender will be the base 
line factors for identifying the focus group. Other than that, the sample background will be 
taken into consideration, and the groups will be divided into several categories 
Objective 3 
Using images as part of the communication tools during the focus group sessions, the images 
shown are of various scenes and topics. This is to give an idea to the residents of a surrounding 
living environment in the respective areas and also in other places too. 
4.5 Piloting the Questionnaire 
The draft of the questionnaire has been piloted to test the questions structure and format. An 
extra section was added to obtain comments and suggestion from respondents so as to allow the 
researcher to improve the final version of the questionnaire. 
In the summer of 2003, a base line study was conducted by means of a postal survey 
questionnaire. The postal survey began in July for three months and ended in September. A 
random sampling method was used to gain feedback from those closest to the population mean. 
The target group was chosen randomly from within the Johor Bahru area. The sampling was 
gathered through 'postal questionnaires'. A total of seven hundred questionnaires were posted 
to selected addresses from a telephone book chosen randomly to allow a minimum of two 
hundred replies. A sampling technique was employed similar to that of Ilagcrhall (2000), who 
obtained his sample from every fiftieth name in a telephone directory. Based on his method, 
addresses were selected randomly from a telephone directory. Every fifth name was chosen 
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from every letter listed. Forty-five addresses were selected randomly from each letter using a 
`draw method'. This was done to ensure that the questionnaires were distributed to all housing 
areas in the district. However, the selected address would have to fulfil the criteria of being a 
terrace house. This could be recognised by the number and house location. Usually, in 
Malaysia, an apartment or flat will state the name of the building in the address. The feedback 
received was very encouraging. Of the seven hundred postal questionnaires distributed, a total 
of two hundred and sixty four were returned. The data was then used as a guide to form 
questions for the focus group session. 
The postal method was also used for the distribution of questionnaires meant for the 
professionals. A total number of one hundred questionnaires were posted to a firm of 
professional that was chosen based on its location. However, the feedback received was not as 
encouraging as that of the public respondents. Only twelve responses were returned. 
After studying and analysing the data using statistical software (SPSS 12.0), several issues and 
questions were highlighted. The issues would then form the questions to be used during the 
discussion as they would later be used to support any possible gaps obtained from the postal 
survey data. Bonaiuto et at. (1999) in their study consider the socio-dcmographic and residential 
factors as the main issues in identifying perceptions on a residential environment. The lists of 
issues that were identified from the pilot survey arc discussed in the next sub-topic on the 
amendment pertaining to the survey questions. 
4.6 Amendment to the Survey Questions 
In October 2003, all the responses received were organised into an SPSS for analysing 
purposes. Based on the pilot survey, a few amendments were made. In general, the method of 
distribution was bcliced to be a practical one to be used in a public survey. However, changes 
had to be made to the distribution method used for the professionals as the feedback was not 
encouraging. An opportunity then occurred as the secretariat for RIVERS' 04 gave their 
permission for the survey to be conducted during their 4`h conference held in Penang, 
Malaysia! 
In addition, the questionnaires for the public were also restructured to become simpler and more 
linear in style. Results from the pilot study had shown that the multiple-choice questions 
8 The RIVERS' 04 Conference took place in Penang, Malaysia from 21"-23'd September 2004. 
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dirccted the public towards a specific answcr or conclusion. A fcw qucstions rclatcd to images 
were removed from the questionnaire and used in the intcrvicw questions instead. 
4.6.1 Topics Highlighted in the Questions 
This study aims to identify public pcrccptions of SUDS in a housing area. After the pilot survey, 
a few issues were highlighted and had to be included in the survey. 
4.6.1.1 Does Age Cap Influence Environmental Awareness, especially in Issues Related to 
SUDS? 
Age factors may also influence environmental awareness as a certain age group might its own 
various needs in the living environment, water usage and receiving information. Fricdlcr ct al. 
(1995) mention that age does give a significant domestic toilet usage pattern. The length of stay 
in the subject residential area also influence the `attachment to a place' factor. People who arc 
raised within the living space would be more attached to the place and would not want to 
migrate or visit other places (flay, 1998). Residents in a housing scheme arc from various age 
groups and backgrounds. Some were born there; some might have bought a house and decided 
to stay there and some might be tenants who just stay there for a certain period due to their work 
commitments. This would give a variety of perceptions as found in hay's study in which age 
factors have a possibility of attaching experience to a place. There arc various studies that have 
considered demographic factors, such as age, in identifying preferences for environment 
(Hagerhall, 2000; Stamps III and Nasar, 1997; Strumsc, 1996; and hidalgo and Ilcrnandaze, 
2001). 
4.6.1.2 How Would the Lender Criteria Affect a Resident's Perception of SUD". 
To what extend do gender factors influence public perceptions of the drainage system in an 
urban housing scheme? A few studies show that there is a significant link between gender and 
perception (Statistic Netherlands, 2002; Dietz et al., 2002; Yabcs et al., 1997; and Bonaiuto et. 
at., 1999). It is believed that women arc more aware of issues related to their surroundings 
(Statistic Netherlands, 2002; and Dietz et at., 2002). Information gained may produce different 
feedbacks received from each gender. Both genders might have different perception or opinion 
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on the drainage issues, which later helps to identify problems and solutions from various points 
of view. 
4.6.1.3 Does the Public Receive Adequate Environmental Information, especially Related 
to MSMA? 
Kaplan (1989) explains that people will respond to any information that they receive. Yi-Fu 
Tuan points out that people's attitudes to the environment vary depending on experience and it 
is suggested that people do receive information from or learn through their experiences cited in 
Lowenthal, 1968. Turkoglu (1997) also conducted a study on residents' perceptions of their 
living surroundings and his study was based on the differences of social status and living 
environment. In Malaysia, experience gained by DID from its `Love Our Rivers' campaign 
shows that the campaign still could not attract much attention from the public. This appears to 
be due to the awareness and education factors (DID `Love Our Rivers' campaign website). As 
recalled, the focus group discussion was meant to allow a better picture of public understanding 
and awareness of environmental issues, especially those related to water and drainage. A good 
SUDS research does take public opinion into consideration as it will later be beneficial to the 
community itself delivered through public amenities. 
4.6.1.4 How Far did the Images Influence Public Perception of SUDS? 
Using images as a method in research has been done before, especially in relation to 
environmental perceptions (Kaplan and Kaplan, 1989; Yamashita, 2002; Al-Kodmany, 1999; 
and Stewart et al., 2003). Collier (1967) believes that images can be seen as an extension of 
perceptions in anthropological studies. Applcyard, Lynch and Myer collected a series of 
photographs and sketches that attract their attention while travelling on the highway. They 
found that those new to the route had appreciated the landscape whilst those who were regulars 
were most interested in seeing activities or new objects (Lowenthal, 1968; 76). In this study, 
images were used to identify how residents perceived their surroundings, which included 
drainage, and what their interests were. Therefore, these images were used to get respondents to 
give feedbacks on their preferences. However, at the same time, it also allowed the respondents 
to give their feedbacks on perceptual information they may have experienced through those 
images. Information on their preferences were based on their fondness or likeliness. On the 
other hand, the perceptual information was based on the respondent's awareness or observation. 
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4.7 Image Sets for the Interview 
Two sets of images were used in the survey. One comprised a set of two images containing 
SUDS components that have been implemented in the UK (Figure 4.6.1). Another set of images 
contained three drainage models; a natural swale, a conventional drainage system and a 
drainage system implemented in Putrajaya (based on sustainable drainage approach) (Figure 
4.6.2). 
Figure 1. 
. 
1. Sl I)ti conuponenis in tllc lh 
(left) and wetland (right)(Source: CIRIA) 
, unihiiii u,,, i ul I, omi mid swale 
Images chosen had avoided the `low preference criteria' as suggested by Kaplan, et. al. (1998). 
According to them, people tend to show different responses of preferences in some scene 
criteria. It is advisable then to avoid using images with 'large expanses of undifferentiated 
landcover' and `dense vegetation and obstructed views'. 
66 
Figure 4.7.2: Drainage models in Malaysia - Natural swale (left), a conventional drainage (middle) and a drain in Putrajaya (right). 
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4.8 The Survey 
In the summer of 2004, the survey was officially conducted for the public and the professionals. 
It took almost three months to complete all the survey. It started in early August 2004 with the 
selection process of residential addresses for the questionnaire distribution. This process took 
three days to complete. The selection process covered the two study areas which are JB and 
Putrajaya. One day before a weekend, all questionnaires were distributed to the selected 
addresses in JB in order to allow respondents to look over the questionnaires and respond to 
them during the weekend. The distribution of the questionnaires in Putrajaya was conducted a 
week later and used the same strategy. 
In between each process, interview with the professionals were conducted. The professionals 
had been selected earlier based on their job descriptions and experiences. Correspondences at 
the earlier stage was conducted through postal or electronic mail to agree on the date of 
appointment for the interview. 
Within four weeks, all the responses were received and respondents who had agreed to be 
interview were listed. Respondents for the interview session were chosen based on certain 
criteria, such as age, location, homeownership status, gender and length of living in the area. An 
official letter informing the recipients of the focus group venue and date was posted. The focus 
groups were conducted in the community centre with assistance from the respective local 
authority. The focus groups were conducted in the second and third week of September 2004. 
As recalled, the RIVERS' 04 Conference was held from 2181-23rd September 2004. A week 
before the conference, a meeting was arranged with the conference secretariat to discuss again 
the method of agreement in distributing the questionnaire for the professionals. During the 
morning session on the first day of the conference, all questionnaires were distributed to all the 
one hundred and twelve professionals. An announcement was made to inform the participants 
about the questionnaire, which they were required to return as soon as possible before the end of 
the second session of day two of the conference. A reminder announcement was also made at 
the end of session for the first day and in the early session of the second day. Thirty-six 
responses were received from the professionals during the conference. 
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4.9 Theoretical Development 
The theoretical development in this study was conducted in order to answer the first three 
questions presented earlier. The theoretical studies aim to gain information and understanding 
of the inter-relationship between SUDS and the landscape design of a housing area. The 
theoretical development can be found in Chapter 2 and Chapter 3 of this study. 
4.10 Conclusion 
This chapter is the most important one in directing the process of this study. It elaborates the 
processes involved in conducting the survey, processing the data, analysing the data as well as 
the realibility of the research findings. The details of each process will be discussed in the next 
chapter. This study was conducted through two types of survey approaches which are the 
quantitative and qualitative methods. The target groups were divided into two; the public and 
the professionals. The questionnaires were piloted before they were distributed officially in 
August 2004. Postal survey methods were chosen as part of the strategies to identify public 
participation and awareness. Focus group and professional interviews have allowed respondents 
to voice their opinions and give comments on the drainage system applications in Malaysia. 
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CHAPTER 5 
Case Studies 
5.0 Introduction 
The case studies chosen are located in two different areas on the west coast of Peninsular 
Malaysia (Figure 5.0.1). The first area is in Johor Bahru, which is in the southern part of west 
Malaysia. In Johor Bahru, the study was conducted in the central zone, and three housing areas 
were chosen based on the residential criteria and location. The second area is in Putrajaya 
located in the Federal Territory. This township is located 26km south of Kuala Lumpur, the 
capital of Malaysia. The project first started in 1998 and it was the first sustainable development 
approach used for a new development area in Malaysia. 
Engineering Campus of Universiti Sains Malaysia (USM) in Transkrian, Penang had been 
included as a part of this study. However, this study only focused on the drainage system. No 
survey was conducted as it was not a residential area. The drainage system applied there is 
known as the Bio-Ecods Drain. It is a sustainable drainage approach and was first developed in 
1997 with a grant from the DID. 
0 
Lanpk 
Study arras 
Figure 5.0.1: Map of Peninsular Malaysia ýN ith the 3 case study areas. 
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5.1 Johor Bahru (JB) 
Johor Bahru is the capital city of the state of Johor. It is located on the southern part of 
Peninsular Malaysia and is the second largest city in Malaysia. It is one of the bigger 
contributors in terms of business and industrial sectors as it is connected to Singapore by the 
`coast-way'. Furthermore, it has a port in Pasir Gudang which controls all the shipping activities 
in the southern region of Malaysia. 
The study areas are from three housing schemes in Skudai in the Johor Bharu district. They are 
in the same catchment area which is the Skudai River catchment area. In 1999, it was reported 
that the water quality of the Skudai River had decreased caused by sewage from the housing 
areas. The Skudai area is under the authority of the Central Johor Bahru Municipal Council 
(Figure 5.1.1). 
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Figure 5.1.1: Map of MPJBT municipal areas (yellow areas) (Source: MPJBT Official Website - 
http: //www. johordt. gov. my/mpjbt/) 
The introduction of the `New Economic Policy' (NEP) in 1971 caused many changes in most 
cities, especially related to the housing development (Agus, 2002). The NEP made housing 
sectors a trigger towards stimulating economic growth and this has affected cities like Johor 
Bahru. The NEP also influenced many people to migrate to major cities for working 
opportunities, and new towns were developed within larger metropolitan areas for the expansion 
of existing settlements or housing areas and also to develop new economic areas. Therefore, in 
Johor Bahru itself, Skudai was developed as a new township to cater for urban growth. Skudai 
is part of the new growth corridor of southwest Johor, which includes the Senai International 
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Airport, Tanjung Pelepas Port and the proposed new administrative capital of Johor, Bandar 
Nusajaya. The population ranges between 150,000 and 200,000. The Skudai area has been 
growing rapidly, especially after the main campus for Universiti Teknologi Malaysia (UTM) 
was relocated from Kuala Lumpur to Skudai. Now, the Johor Bahru Municipal Council 
(MPJBT) has fourty-six areas under its authority including Skudai. This covers the three study 
residential areas, namely Taman Tun Aminah, Taman Sri Skudai and Taman Univcrsiti. The 
three chosen housing areas were developed more than ten years ago Taman Tun Aminah was 
opened in the 1970's, Taman Universiti in the 1980's and Taman Sri Skudai in the 1990's. 
It needs to be mentioned that the quality of space changes as the residential area becomes more 
`mature' in terms of age of development and the quality of life. The trend shows that society has 
the intention of renovating their properties for a better and more convenient individual living 
space. These have increased the potential of impermeability in the catchments areas. 
Furthermore, these `mature' residential areas not only need regular maintenance, but also need 
some replacement or improvement of the drainage systems (Figures 5.1.2 and 5.1.3). 
ANAL, --owl 
Figure 5. I. 2: Pour nýaintýnanýý of drains in ,i rrsidcnUul area in JB. 
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Figure 5.1.3: The drainage in residential areas needs immun cmcnt and nrainlenance. 
The drainage systems were designed based on the `Urban Drainage Design Standards and 
Procedures for Peninsular Malaysia (UDDS) produced by the Department of Irrigation and 
Drainage Malaysia (DID) in 1975. The procedure has now been replaced by the `Urban 
Stormwater Management Manual for Malaysia' (MSMA). 
5.1.1 Drainage System in Johor Bahru 
The principle in the procedure outlined is the urban drainage system considered as a sub-system 
in the general urban development (UDDS, 1975). The drainage system had been designed in a 
general development plan to suit the comfort and needs of the urban community. An 
engineering analysis and study had been included in the planning proposal where consideration 
had been taken to identify possible flood hazard, location of the proposed detention pond and 
erosion control measures. 
In general, planning for the drainage system should consider the open space and the 
transportation routes. The open spaces arc emphasized to benefit recreational purposes for the 
urban community, whilst transportation routes need to be equipped with a proper drainage 
system as preparation during major storms, such as flash floods, erosion, sedimentation and 
landslides. 
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Natural channels are also encouraged to be used as storm run-off waterways if possible. 
However, many have been deepened and straightened and this has had a great impact on the 
downstream, especially during peak flows. Anyway, these scenarios have been considered as 
the natural result of or change due to urban development. 
5.1.2 Water and Drainage Related Issues in Johor Bahru 
In JB, the uses of rivers can be divided into two types; beneficial uses and non-beneficial uses. 
The beneficial uses of rivers are, for example, supplying freshwater for domestic, industrial and 
agricultural purposes. In some places, the river has been used as a transportation route and for 
freshwater fish livestock in cages. However, of greater concern is the impact of the non- 
beneficial uses which have an impact not only on the environment, but most importantly, on 
freshwater supply. The non-beneficial use appears to be a common practice for many people 
where the river has been used as a dumping site for domestic and industrial sewage (UNEP 
Report of Malaysia, 2001). Water pollution is also identified as a major problem in the river 
systems in JB (Table 5.1.1). 
Rivers with TSS 
Numbers of rivers with total 
suspended solid TSS 
14 
Transportation of pollution 
BOD ton/ 16,030 
Total AN (ton/y) 1,638 
Sus ended solids ton/ 4,969 
Oil (ton/y) 
Industrial sources of water pollution 
0.138 
Number of sources 
Agriculture sources of pollution 
689 
Other seasonal crops (ha) - 
vegetables 
15,382 
Plantations (ha) - rubber, oil 
palm, etc 
1,011,729 
Number of pig farms 93 
Table 5.1.1: Water related problems and issues in Johor. (Source: UNEP report of Malaysia, iuu i) 
There is a critical water issue in JB which have an impact on freshwater water supply for 
domestic and industrial use as the demand is increasing from year to year in Johor (Table 5.1.2). 
1980 1985 1990 2000 
Johor 159 258 338 578 
lable 5.1.2: Projected domestic and industrial water demand 1980-2000 (x 000,000 m'/y) (source: uNtr 
Report of Malaysia, 2001) 
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5.1.3 Drainage Problems in Residential Areas in. lohor Bahru 
The chosen residential areas in JB are more than 10 years old. Therefore, the quality of the 
drainage systems is not good. Many factors have influenced the drainage conditions, such as the 
management, the maintenance, the non beneficial activities by the community and the impact of 
new development (Figure 5.1.4). 
Figure 5.1.4. Siltation and blockage of the drainage system from nearby development activities in a 
residential area in JB. 
The management of drainage systems involves a number of organisations and authorities, which 
are responsible within different levels of jurisdictions (Figure 5.1.5). However, most of the 
maintenance work has been privatised by the local authorities to the private parties. There is a 
need for the respective authorities to carry out frequent monitoring of the maintenance works as 
some was not well maintained and left unattended (Figure 5.1.6 and Figure 5.1.7). 
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Water and drainage management 
in Malaysia 
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- Financial 
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Figure 5.1.5: Organisational Chart of Agencies Involved in Water and Drainag, 
Figure 5.1.7: Drainage with improper maintenance in a JB residential area. 
The chart (Figure 5.1.5) shows that the management of water and drainage is carried out by 
different agencies with a different jurisdiction and level of responsibility. However, these inter- 
department links do not seem to be specific in terms of their limits of responsibility, which 
sometimes can lead to confusion for the developer. There is also no official clarification of who 
is responsible for storm drainage which has led developers to refer storm drainage matters to 
both DID and the local authority (MSMA, 2000). Therefore, it can be seen in the old urban 
residential area that there is a mixture of design structures for storm drainage. 
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by the respective authorities. The toilet bowl was left there by an irresponsible individual in a Jß 
residential area. 
A shortage of staff to supervise maintenance has been identified as one of the factors for poor 
maintenance in many residential areas (MSMA, 2000). Some of the drainage components need 
to be replaced, but it is difficult for local authorities to ensure that all oftheir responsible areas 
are monitored regularly (Figures 5.1.8,5.1.9 and 5.1.10). 
Figure 5.1.8: A damaged fence tier the drainage wiii it i,, t in i residential area in JB. 
Figure . ºrsed drain wall in need ul ºi g ii mains :.... I, , i's, idential area in JB. 
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Figure 5.1.10: Waste dumping by irresponsible residents in drainage reserves in a residential area in JB 
Siltation is also a problem due to urban development activities. Many drainage systems have 
been blocked or are shallow. Other than that, siltation also causes the surrounding area to 
become muddy and this makes the environment unpleasant to see (Figure 5.1.11). 
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Figure 5.1.11: A drain blocked by sill from it nr; u l, _\ 11,11 u, 1 n 11C. I I; r loud as also muddy. 
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5.1.4 Public Safety Consideration in Johor ßahru Residential Areas 
There is an attempt to provide safety precaution for the drainage system. Ilowcver, the 
suitability of the precaution element taken should be reconsidered as it involves various levels 
of age groups in a residential area. The open channel system is very dangerous especially during 
heavy rainfall where the storm drain could be very deep and there is a strong current of runoff. 
In Figures 5.1.12 and 5.1.13, the distance of the residential areas and the storm drains are quite 
near. Furthermore, the fences provided are not safe enough for children. 
Figure 5.1.12: The distance between the residential block and ihr sturin khmn are" close tu each other in a 
residential area in JB. 
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Figure 5.1.13 hildren. 
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Safety precautions are supposed to be considered in the early stages of planning of the 
residential area in order to reduce the possibility of accidents. Other areas in the residential 
planning such as the shopping area and the park also need to be looked at in terms of safety 
because they are part of the resident's living surroundings. As seen from in Figure 5.1.14, a 
parking site for a shopping area is not provided with fences and the drain is really deep and 
dangerous for children as well as vehicles. On the other hand Figure 5.1.15 shows a recreational 
park with the children's playground located very near to the pond. This is very dangerous for 
unattended children. 
Figuic ý. III I', ckin . iic Ik)i Ilia, Ii ppin-, , u,:. i i> not , etc in a is i1ILnli, il , uý, i in 
JB. 
Figure 5.1.15: The children's playground area is too near to the pond and is not provided with safety 
precautions in a JB residential area. 
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5.1.5 Discussion of Case Study in Johor Bahru 
Most of the housing schemes in JB have been provided with conventional drainage system. In 
general, the drainage will be flowing through to the nearest retention pond before being released 
into the water bodies. Some will be drain directly into the rivers. During the wet season, the 
water flows are very high and there is a possibility that some retention pond would not be able 
to hold the increasing amount of water. Therefore, the water spillage could cause flash flood. 
Rapid development in JB have put through the retention pond into a situation where it is no 
longer capable to cater to the increasing amount of water which had been designed for certain 
areas earlier. In a conventional drainage system, a retention pond is only provided in a bigger 
scale development as, for the smaller scale development, the water will flow directly into the 
nearest water bodies or disperse into the ground (Nik Abllah, 1990). These technical design 
factors worsen the problems with its `rapid disposal method' which had been designed to ensure 
that water is transferred from the specific areas in the fastest way. Based on the Uniform By- 
Law Act 1984, the velocity magnitude for surface running water is between 3-8 feet per second. 
Refer to Table 5.1 for the suggested gradient that suits the requirement proposed in the 
government document. 
Drainage size (inches) Gradient 
Minimum Maximum 
12 1: 176 1: 16 
15 1: 260 1: 24 
18 1: 350 1: 36 
24 1: 450 1: 48 
cable x. 1.4: Minimum and maximum requirement for the drainage gradient (Source: Unniform Building 
By-Law 1984). 
There is a need for proper management of the residential drainage system in JB. The 
management and maintenance should be revised and studied to accommodate current situation. 
Most problems appear to be associated with improper maintenance activities. Proper training for 
those who are involved in maintenance activities needs to be provided on a regular basis. 
Maintenance has always been under the responsibility of appointed companies by the local 
authority. However, the only obstacles to this are is the skills and training of the maintenance 
workers which are hard to be monitored. Therefore, the methods, quality and management of 
maintenance works might differ from one company to another. 
Safety is the most important clement when dealing with residential planning. This is because it 
involves a wide range groups of age in residential areas. It is thus important to ensure that any 
open channels are provided with safety devices. Areas that children use frequently, such as the 
playground area or the park should be planned with low accidental risk. The depth of any pond 
81 
or swale should be shallow. However, the community also have their own role to play in the 
supervision of children's activities. 
Information on current local situations should also be given to the public. This will then help 
them to understand their responsibilities. At present, dumping garbage or domestic waste in the 
drainage systems are widespread in a residential area in JB. This is then believed to be related to 
their knowledge of environmental issues. The public also seem to be unaware of their role in 
contributing towards water pollution. The Local agenda 21, an outline of a commitment of the 
Malaysian Government, clearly states that public participation is the fundamental principle to 
good governance. In achieving sustainable development, the public needs to participate in 
environmental assessment procedures and should have access to information relevant to 
environment and development held by national authorities (Malaysia Nature Society, 2005). 
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5.2 Putrajaya 
Putrajaya is a federal government administrative township (Figure 5.2.1). It covers an area of 
4,390 hectares. The township was designed to be efficient, effective and intelligent as the 
country's administrative centre. 
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Figure 5.2.1: Putrajaya and Kuala Lumpur city 
5.2.1 Historical Background of the Planning of Putrajaya 
In 1991, the former Prime Minister of Malaysia, Tun Dr Mahathir Mohammed introduced 
`Vision 2020'. It aims for Malaysia to be one of the fully developed nations by the year 2020. 
Vision 2020 requires a concerted development in all areas, such as economics, education, 
politics and culture. Vision 2020's master plan for Malaysia is modernity (Mohamed, 2002; 
Uimonen, 2003; and M-Shaluf and Ahmadun, 2003). 
Encouraged by this vision, the Malaysian government turned their ambitious dream of creating 
the Multimedia Super Corridor (MSC) into reality. The idea of the MSC is to target regional 
and global markets where the government offers a high bandwidth infrastructure, modern office 
complexes and intelligent planned residential areas. The MSC is a starting point for the 
Malaysian `economic paradigm'. In supporting this, the new administrative centre, Putrajaya, 
had been planned within the MSC. The administrative centre has been completed in terms of the 
administrative buildings, business core, residential core and recreational core (Figure 5.2.2). 
Figure 5.2.2: Putrajaya keyplan shm% S that Putrajaya is stratcgically located ýN ºthºn the Multimedia Super 
Corridor (MSC) areas. (Source: Putrajaya Holdings, 2001) 
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5.2.2 Putrajaya Administrative Centre 
Putrajaya is located to the south of Kuala Lumpur (Figure 5.2.3). It is planned and designed 
with a `Garden City' approach. Vision 2020 also supports the Rio Summit 1992 where the 
government has undertaken many attempts to sustain the rain forest. The `Garden City' is a 
concept outlined to retain the natural environment within the city planning. 
Putrajaya is planned on an agricultural land which had previously oil palm and rubber estates. 
The site is situated within the River Chau catchment area. Major rivers which can be found 
there are the River Chau, the River Bisa and the River Limau Manis which flow southward to 
the River Langat. This administration centre has advantage due to its strategic location. It is 
located between the Kuala Lumpur International Airport and the MSC centre. . 
The goals that have been set for the township of Putrajaya are as follows: 
a. To suit the concept of a `City within a garden' which exposes the attractiveness and images 
of the Malaysian urban identity. 
b. The inhabitants are safe, secure and vital in a sustainable environment. 
c. Urban surroundings that are sustainable, responsive and adaptable to local needs. 
d. Economically sustainable. 
e. Effective and efficient environmental performance. 
Putrajaya was planned to accommodate a population of 0.5million people (Figure 5.2.4). As the 
first Malaysian sustainable development project, the environment has always become the most 
important issue to be emphasized, especially those related to water issues. In general, the area 
receives 2000mm of rainfall yearly and it is generated by monsoonal and convective storm 
systems. In the centre of the development is the 600 hectares Putrajaya Lake. The lake acts as a 
central core for the whole development with a catchment area of 51km. 2 Putrajaya Lake and 
Putrajaya Wetlands were designed to control the water quality as well as the water species and 
habitats. 
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Masterplan 
Figure 5.2.3: The Masterplan of Putrajaya. (Source: Putrajaya Holdings, 2U 
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Figure 5.2.4: Putrajaya statistical projection and population of surrounding towns. (Source: Put 
5.2.3 The Drainage System of Putrajaya 
The master planning of the Putrajaya drainage system takes into consideration the proper 
implementation of water sensitive urban design practices for Putrajaya. This is undertaken in 
order to avoid uncontrolled urban stormwater and water pollution problems. The lake is 
required to cater for multi-function activities. The water quality in the Putrajaya Lake is 
identified to be of higher quality, which is suitable for active body contact during recreational 
activities (Table 5.2.1 and Figure 5.2.5). 
Precinct Area (ha) Commercial Industry Residential Roads Open 
s ace 
Government offices I 
complexes 
545 60 0 9 9 22 
Commercial and 
business district 
(CBD) 
481 12 23 24 13 8 
East residential 462 0 0 71 18 11 
North-west 
residential 
952 12 7 55 12 14 
North-east residential 772 1 4 42 7 36 
Sports and recreation 373 14 I 55 16 14 
Total 3585 16 6 45 10 23 
Fable 5.2.1: Percentage of land use distribution for various precincts. (Source: Angkasa UHU Engineers 
Sdn Bhd, 1996) 
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Figure 5.2.5: Bar chart of land use distribution of various precincts in Putrajaya. (Source: Angkasa G1lD 
Engineers Sdn. Bhd., 1996) 
In general, the drainage masterplan of Putrajaya involves twenty precincts; most of which are 
linked directly either to the Putrajaya Lake or the Putrajaya Wetland system. The planning for 
the Putrajaya Drainage Masterplan was first developed in 1996 by Angkasa-GHD Engineers. 
The drainage masterplan component was designed based on the `Urban Drainage Design 
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Standards and Procedure for Peninsular Malaysia: Planning and Design Procedure No. 1' by the 
Department of Irrigation Malaysia (DID). It was designed to fulfil the indicative utilisation of 
stormwater, quality management measures and the appropriate drainage design standard. 
Besides that, it also fulfils the needs of Putrajaya's sustainable development approaches. 
The Putrajaya Urban Drainage system was designed with an innovative stormwater system 
which can be suited to both built and natural environments. Basically, urban drainage systems 
designed in Putrajaya take into consideration the flood and rainfall data to get an ideal drainage 
size, as practiced in many drainage designs. However, in Putrajaya, more consideration has 
been given to public convenience, flood risk, safety, life cycle cost and environmental impact at 
the downstream. Other than that, standard practices for major and minor drainage systems were 
applied. The MSMA manual has been modified from the rational formula of the DID 
Hydrological Procedure for Peninsular Malaysia 1975. 
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Figure 5.2.6: Drainage planning structure in Putrajaya, (Source: Putrajaya corporation, 1997) 
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In Putrajaya, the drainage infrastructure comprises a few trunk drainage channels with diftcrcnt 
infrastructure dimensions (Figure 5.2.6). The stormwater channels are provided within a closed 
space network. The open channels arc allocated in the green belt area not designed with a park 
or reserved forest area. All the roads and any access are provided with culverts to cross any 
open channels. Catchments which have been identified to drain away water from the Putrajaya 
site without going through the Putrajaya Lake arc provided with detention basins to avoid 
transferring floods or pollution to the downstream. Hundreds of GPTs have been fitted in 
Putrajaya to trap trash and solid waste. The water pollution control ponds contributes a total 
between 2.5% to 5% to the catchments area and some are combined with retention basins, also 
known as mini wetlands (Figure 5.2.7) (Angkasa GHD Engineers Sdn. Bhd., 1996). 
The residential developments in Putrajaya have been divided into three areas: the Eastern area, 
the North-West area and the North-East area. Table 5.2.2 shows the percentage of land use 
components in the three areas. The large open spaces are found in the North-East area (36%) 
compared to the Eastern area (11%) and the North-West area (14%). Table 5.2.3 shows the 
percentage of run-off into the wetland, lake or offsite contributed by the residential areas. 
cial Industry Residential Roads Open Space 
Eastern 462 0 ii 
North-West 952 12 55 12 14 
North-East 772 1.5 3.5 52 7 36 
Total 2186 
. a-6; itwsluenLlal Area Lana use Iomponents (Source: Drainage Master Plan Study Keport for 
Putrajaya Development Project, October 1996) 
Eastern 0 46 54 
North-West 5 50 45 
North-East 18 32 50 
Average 9 43 48 
Table 5.2.3: Run-off Con tributions to Wetland t akP r, r nfT,,; fa /Cnnrrs"" rl.,:........ Master Plan Study 
Report for Putrajaya Development Project, October 1996) 
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rigure. ). 2. /: I he mini wetland areas in Putrajaya. 
In general, the types of drainage provided in the residential areas arc small scupper drains, 
dished channels, paved swale, grass swale and drains in grassy area (Figure 5.2.8). Engineers 
are responsible for designing all the drainage systems; with a major involvement by the 
landscape architect on the aesthetics and functions of surface drains so that it is in line with the 
overall landscape concepts. 
5.2.4 Putrajaya Stormwater Management Strategy 
The management of stormwater strategy has been carried out by utilising various components of 
the management train as discussed earlier in Chapter 2. In the Putrajaya stormwater 
management, the treatment train can be reviewed as follows (Table 5.2.4): 
Source control In-transit controls (Site control) 
" Community awareness " Gross pollutant traps 
" Landuse planning and regulation " Swale drains 
" Permissible discharge " Detention basins 
" Street cleaning " Ponds and wetlands 
" Sewer overflow management 
" Isolation of high pollutant source areas End-of-p ipe controls (Regional control) 
" Construction site management " gross pollutant traps 
" Landfill management " lakes 
" Litter traps " floating booms 
" On-site detention basins " ponds and wetlands 
" Stormwater infiltration systems " receiving water manegemcnt 
" Buffer strips 
Table 5.2.4: Elements of Putrajaya stormwater trea tment train. (Source: Angkasa G1lD Engineers Sdn. 
Bhd., 1996) 
The stormwater management strategy of Putrajaya is based on the concept of `major and minor' 
drainage systems as referred to by the Institutions of Engineer Australia (IEA). It takes into 
account the economic risk-based approach to stormwater drainage only whilst the stormwater is 
management of its own initiative. 
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Figure 5.2.8: Types of drainage provided in Putrajaya residential drainage systems. (Source: Putrajaya 
Corporation, 1997) 
5.2.4.1 Putrajaya Minor Drainage System 
The major and minor drainage systems refer to the exceeding magnitude of the event served by 
the two components of the drainage system. The minor stormwatcr drainage systems is used 
within the government administrative district and the central business district of Putrajaya. The 
area is designed for the one-hundred years `Average recurrence interval' (ARI) event as it is 
considered as high profile and a high value area. The residential areas arc designed with a 
standard five-year ARI event. The purpose of ARI is to reflect the notion of the current interval 
of a particular sized rainfall or run-off in the long term. The minor stormwater drainage systems 
are implemented in all non-green belt areas in Putrajaya. The objective is to prevent 
inappropriate flooding within the urban catchment. This component of the drainage system is 
designed to convey higher frequency events without causing any disruption to urban activities. 
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5.2.4.2 Putrajaya Major Drainage System 
All precincts in Putrajaya are designed with the major storwatcr drainage system, where 
the 
drainage systems are designed with a one-hundred year ARI event, including the government 
administrative and business precincts. This involves places with flow path, floodway, and 
detention basins. The major drainage systems follow the natural terrain catchment. The 
`Putrajaya stormwater management design guidelines' states: 
"It is important that the flow paths of major events are identified and 
provision made for safety conveyance of the stormwater during storm 
events which are larger than the design event for the minor drainage 
system. " 
(Angkasa GHD Engineers Sdn. Bhd., 1996: 2-12) 
5.2.4.3 Stormwater Quality Control In Putrajaya 
The water quality control measures for Putrajaya are adopted from guidelines outlined by the 
Australia and New Zealand Environment and Conservation Council (ANZECC) (Angkasa GHD 
Engineers Sdn. Bhd., 1996). The stormwater quality measures of Putrajaya emphasize the gross 
pollutant and litter load removed from the receiving water and the prevention of oil spills. The 
Putrajaya Lake water quality is the focus of concern to ensure that the activities organised there 
are safe for body contact. 
5.2.4.4 The Water Quality of the Putrajaya Lake 
The Puträjaya Lake is the core element in the Putrajaya Township. It was planned and designed 
to accommodate various recreational water activities. The water quality requirements were 
outlined to meet two criteria as it is also connected with the Putrajaya Wetland ecosystem. The 
criteria are as follows: 
1. To accommodate the recreational and aesthetic requirements. 
The Putrajaya Lake has been classified under the `Primary contact' requirement for recreational 
activities. The classifications are based on the Australia and New Zealand Environment and 
Conservation Council (ANZECC) proposal for Australian water quality for fresh and marine 
water guidelines. `Primary contact' is interpreted as primary contact activities in which a person 
comes into frequent direct contact with water. Therefore, the Putrajaya Lake water should be 
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free from faecal contamination, pathogenic organisms, poor visibility and toxic chemicals as 
shown in Table 5.2.5 below. 
Parameter Primary contact Secondary contact No body contact 
Microbiologycal x X 
Nuisance organisms x X X 
Physical and chemical 
Aesthetic x X X 
Clarity x X X 
Colour x X X 
Ph X 
Temperature X 
Toxic chemical x X 
Oil debris x X X 
Table 5.2.5: Water quality criteria for recreational and aesthetic requirements by ANZEC(; (source: 
Angkasa GHD Engineers, 1996) 
As for the aesthetic requirements of the Putrajaya Lake, the water quality has to be ensured free 
from the following: 
1. Floating objectionable matter (like debris and oil). 
2. Substances that produce undesirable colour, odour, taste or foaming. 
3. Undesirable aquatic life, such as `algae blooms'. 
2. To consider the protection of the lake's aquatic ecosystem. 
It is very important to protect the ecosystems of the lake as they enhance the beauty and 
aesthetic quality of the lake. Furthermore, the aquatic ecosystems are also associated with the 
lake and wetland systems. The protection of the lake ecosystem is very complex as it involves 
aquatic species. To ensure the protection of the Putrajaya Lake ecosystem, focus is given mainly 
to human activities which can have major impacts on the lake ecosystems, such as follows: 
1. Pollution - industrial, urban and agricultural activities. 
2. Siltation and sedimentation - from the land clearance activities as Putrajaya is not 
yet fully developed. 
3. Nutrients - uses of fertiliser and detergent. 
4. Diversion of flow in the rivers. 
5. Exotic species. 
The proposed `Putrajaya Lake Water Quality Guidelines' arc not similar to the water quality 
guidelines that have been provided by the Department of the Environment Malaysia (DOE). The 
guidelines provided by the DOE are not suitable for the requirement of the `Primary contact' 
classification as they are based on the Environmental Quality Act 1974, Amendment 1984, as 
mentioned in Chapter 3 (Table 5.2.6). 
94 
Parameter Value Parameter Value Parameter Value 
BOD (mg/1) 3 Cr (IV) m /1 0.05 S04 m1 200 
COD (mg/1) 25 Cr III m1 S (Mg/1) 0.05 
DO (mg/1) 5-7 Cu(mg/1) I CO m 
PH 6.5-9.0 1: iardncss (mg/1) 100 Gross- (Dgl) 0.1 
Colour (TUC) 150 Ca(mg/1) Gross- (Dgl) 1 
Electric 
conductivity 
1000 Mg (mg(I) 0.05 Ra - 226 (ßql) +0.1 
Floatable NV Na(mg/1) Sr - 90 ß1 +0.1 
Odour NOO K (mg/1) CCE I 500 
Salinity (%) 1 Fe (mg/1) 0.3 MIAS/IAS 
1 
500 
Taste NOT Pb (mg/1) 0.05 O&G (Mineral) 
(MRA) 
40; NF 
Total dissolved 
solids (mg/1) 
1000 Mn (mg/1) 0.1 O&G 
(emulsified 
edible) m1 
7000; NF 
Total suspended 
solids m 
50 Hg (mg/1) 0.001 PCB (mg/I) 0.1 
Temperature (C) Normal 2 Ni (mg/1) 0.05 Phenol I 10 
Turbidity (NTU) 50 Se (mg/1) 0.01 Aldrin Dicldrin 
(pg/1) 
0.02 
Faecal coliform 
counts/ 100m1 
150 Ag (mg/1) 0.05 BIIC (µg/1) 2 
Sn (mg/1) NR Chlordane (pg/l)_ 0.08 
U (Mg/1) NR t-DDT 1 0.1 
Total coliform 
counts/ 100m1 
5000 Zn (mg/1) 5 Endolsulfan 
/I 
10 
Chlorophyll-a 
n 
10 B (mg/1) I 
Total nitrogen 
m/1 
0.5 
Total 
Phosphorus 
(Mg/1) 
0.05 
Al (mg/1) - Cl m 200 Ile tachior/ 
As (mg/1) 0.05 Cl, m - Epoxide 0.05 
CN (mg/1) 0.02 Lindanc (pg/1) 2 
Ba(mg/1) I F (mg/1) 1 2,4-D 70 
Cd (mg/1) 0.005 Silica (mg/1) 50.00 2,4,5-T (pg1l) 10 
2,4,5TP (µg/1) 4 
r Para uat WWI) 10 
Table 5.2.6: Putrajaya Lake Water Quality Guidelines (Source: Angkasa GIlD Engineers, 1996) 
5.2.4.5 Gross Pollutant Traps (GPTs) In Putrajaya 
Gross pollutants traps are installed in Putrajaya to remove gross solids and litter from 
stormwater. There are three specifications of the gross pollutant traps used in Putrajaya (Table 
5.2.7). 
GPT Type I Enclosed unit applicable for in-line minor stormwater conveyance systems, either open drains 
or underground pipes 
GPT Type II Enclosed systems applicable for under round pipe outfall to receiving waters 
GPT Type III Open systems applicable for open channels 
Table 5.2.7: Types of gross pollutant trap. (Source: Angkasa GIlD Engineers, 1996) 
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Gross pollutant traps are a combination of the mechanisms of gross solid interception and 
retention. In general, the GPTs comprise a concrete lined wet basin and it trash rack with 
provision for maintenance and cleaning purposes (Figure 5.2.9 and 5.2.10). 
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Figure 5.2.10: Solid waste traps on the GPT will be cleaned by maintenance workers. 
4ý 
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Figure 5.2.9: GPT type 3 installed in the main drain to trap solid \ý. i>ir 
5.2.4.6 Oil, Grease and Grit Traps (OGGT) in Putrajaya 
A standard form of OGGT has been used in Putrajaya. This is to ease design, construction and 
maintenance. In general, 150 pm droplet separations are used to suit the result in an e luent oil 
and grease concentration of 50-100 mg/1. Putrajaya's receiving water temperature, run-oil water 
temperature and soil density have all been studied to calculate the suitable droplets fier the gross 
pollutant traps in order to ensure their suitability in Putrajaya (Angkasa G} ID (ý. nginecrs, 1996). 
5.2.4.7 Detention, Retention and Infiltration Methods used in Putrajaya 
Detention and retention basins are generally used to reduce the urbanisation impact of' 
catchments during the rainy season. Detention is a temporary storage of stormwater for the 
subsequent discharge of receiving water at a lower rate. The detention basin can either be in dry 
or wet storage components; for examples, wet ponds or dry ponds. Both approaches can be used 
as multiple objectives. For example, the wet basin can also be used as a recreational pond or 
wetland whilst the dry basin can also be used for recreational amenities; for examples football 
field and playground (Figure 5.2.11). 
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Retention is a removal process through infiltration steps of stormwatcr to prevent discharge into 
the receiving waters. It is also a process to control the run-off volume and stormwater quality. 
There are various methods of stormwater infiltration to the detention tank systems. Three most 
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common methods that are being used in Putrajaya arc porous pavement, intiltratiR)n basins and 
retention overflow wells and trenches. 
Porous pavements arc commonly used in open car parks, driveways or pedestrian walkways 
(Figure 5.2.12). In general, porous pavements are efficient in reducing run-off rates and 
volumes as well as water quality degradation. On the other hand, paving blocks are used to 
support and retain large areas of hard surface areas for infiltration of rainfall and run-oft water. 
Meanwhile, an infiltration basin is an open water system that acts as a system core where the 
stormwater is kept in temporary storage to allow subsequent infiltration. Finally retention 
overflow wells and trenches are non-terminal devices incorporated with overflow pipes to the 
minor drainage systems. 
In Putrajaya, issues of public safety due to the application of these systems are taken into 
consideration. However, to ensure that the public is sale, the open channels are designed for a 
slower movement run-off (Figure 5.2.13). The side slopes of' each component are not steeper 
than 1: 6. As for slopes that arc steeper than 1: 4, steps and handrails arc provided. The depths of' 
the basins are not more than 1.2 metres. However, other alternatives have been provided, such 
as raised refuge mounds, fences or warning signs, in deeper basins. 
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Figure 5.2.13: Open channel designed with stepping terrace to reduce the run-off flow. 
5.2.4.8 Constructed Wetland Systems in Putrajaya 
The Putrajaya wetland is the first of its kind in Malaysia and was constructed in 1997. The site 
was formerly an oil palm plantation known as `Perang Besar Estate' (Wetland International 
Malaysia, 2001). The wetland systems covers 650ha including the Putrajaya Lake (Figure 
5.2.14). As discussed in sections 5.2.2 and 5.2.4.4, it is known that the Putrajaya Lake systems 
are the central core of the planning structure and also the most sensitive elements. The water 
quality of the lake is very important as there arc twenty-three cells of wetland which have been 
constructed to act as natural treatment systems in order to filtrate most of the pollutants in the 
river water before it enters into the Putrajaya Lake systems (Shutes, 2001) (Figure 5.2.15). 
These cells are structured within six arms. The arms are branches of rivers that form the lake 
and wetland systems. All the arms, except for the Upper Bisa, are discharged into the Central 
Wetland, which then flow into the lake in order to clean the upstream water (Salamat and Sahat, 
2004). 
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Figure 5.2.15: Constructed wetland treatment system: Cell cunt, buratiom (Source. Putrajaya 
In general, the wetland system was designed with a package of an initial settlement forebay. 
This is then followed by a surface flow wetland system and lastly, a settlement pond which can 
be divided into two zones; the open water zone (pond) and the macrophytes zone (wetland) 
(Figure 5.2.16). Both zonal components have their own function (Table 5.2.8). 
Open water zone Macro h tes zone 
" Settlement of coarse materials The retardation of " Traps pollutants associated with fine suspended 
flow in the pond area facilitate the sedimentation of particles by enhance sedimentation and filtration by 
solids down to coarse and medium silt. the vegetation. 
" Traps adsorbed pollutants Silt particles trapped in " Removal of dissolved pollutants by chemical and 
the pond system may also retain adsorbed pollutants biological adsorption. 
such as trace metals and nutrients, " Provides aquatic fauna zones Wetlands provides 
" Provides hydrologic and hydraulic management an area for predation by aquatic fauna. 
Pond areas attenuate and distribute inflows to the " Provision of vegetated zones to facilitate 
macrophytes zone within the wetland system. Often, oxygenation of the substrata and maintenance of a 
the open water area located upstream of the positive redox potential in the sediment. 
macrophytes zone to prevent scouring and 
remobilisation of settled fined material in the 
macrophytes zone. 
" Provision of open water for ultra violet exposure as 
a means of water disinfection. 
Table 5.2.8: Functions of open water zone and macrophytes zone. (Source: Angkasa GHD Engineers, 
1996) 
Figure 5.2.16: Putrajaya Wetland design. (Source: Putrajaya Corporation, 1997) 
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The types of vegetation in the Putrajaya wetland are emergent macrophytes (large plants). 
rheophytes (floating plants) and freshwater swamp species (Figure 5.2.17). There is a total of' 
seventy plant species in the Putrajaya wetland systems. These plants act as pollutant traps and 
filtration components (Table 5.2.9). 
During based flow During event flow 
Act as subsrata for epiphytes Epiphytes convert soluble Promote even distribution flows. 
nutrients into particulate sediments. Promote sedimentation of larger particles. 
Consolidate nutrients trapped in the sediments into Provide surface area for adhesion of smaller articles. 
macrophytes biomass - This is a medium-term process Protect sediments from erosion. 
occurring over moths to years. 
Return particulate biomass as macrophyte litter for Increase system hydraulic roughness. 
storage in the sediments - This is a long term process 
occurring over years to decades resulting in the 
development of organic sediment and cats. 
Table 5.2.9: Roles of the plants in the Putrajaya wetland. (Source: Angkasa GIID Engineers, 
1996) 
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Figure 5.2.17: Reed bed water treatment system. (Source: Wetlands International Malaysia, 2001) 
The Putrajaya wetland systems are known as surface flow (SF) or free water surface (FWS) 
wetland systems. SF is a wetland where the water surface is above the substrate. This type of 
wetland consists of a shallow basin and soil or other medium to support the plants roots. Water 
control structures are provided to control the depth of the wetland water. 
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5.2.5 Putrajaya Residential Area: Day-to-Day Non-Storm Drainage System 
As mentioned earlier in Chapter 3, of the Malaysia's `A Garden Nation' approachc, Putrajaya 
was designed the idea of having `A city in a garden' (King, 2007); 
`... the new seat of Government and Administration, a garden city 
catering for 250 000 people [subsequently changed to 300 0003. 
Designed as a paperless environment in a bold experiment at 
electronic government... ' 
(Ariff and Goh, 1998; 104) 
This attempt clearly give a general idea that the city has been provided with sustainable 
approaches way of living. Therefore, the city planning has included community values and 
participation in supporting the attempt to provide sustainable drainage approaches. The design 
of the houses, facilities and infrastructure were undertaken according to the sustainable 
drainage principles. Added to that, the good day-to-day maintenance was also explained to the 
residents to ensure that the public had the knowledge to support routines, such as recycling, 
water management and others. The idea is to control-at-source any insufficient waste from 
flowing into the water bodies. 
5.2.5 Putrajaya Residential Area: The Current Condition 
It is a great loss if good residential planning is not supported by proper management and 
collaboration or awareness amongst the public. Putrajaya was first occupied in 2000 and after 
nearly seven years, the living environment is in poor condition. Putrajaya was planned along 
with proper maintenance strategy. However, without cooperation from the public, things would 
not be improved. Dumping problems are getting worse in Putrajaya and domestic waste is left 
outside of bins (Figures 5.2.18 and 5.2.19). 
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Therefore, the regulations regarding solid waste disposal need to be revised by the local 
authority in order to overcome the problems. The public should also be provided with more 
information about proper waste handling to ensure that the maintenance can be more efficient 
and to avoid the negative impact on the environment, such as water pollution and the spread of 
vector diseases (Figures 5.2.20 and 5.2.21). 
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Figure 5.2.18: Bags of,, (did \ý, ste left at a bus stur in I'utrajaya. 
Figure 5.2.19: Solid waste not properly dumped In the pli ý Lý ýlt.:. i 
Figure 5.2.20: Although the waste trolleys are enmpty. there is an irresponsible attitude of leaving the 
waste just next to the dumping area. 
- 
Figure 5.2.21: The dumping area was not fully utilised by the rý, iýlýnt> inI 'u i ti, \, i 
Factors that influence the failure to control-at-source are probably due to a lack of 
understanding and awareness. The public really do not realise how their contributions or 
participations may effect the surrounding environment. On the other hand, the design of certain 
facilities should be revised to suit the tools themselves. For example, the dumping area should 
be designed to make it easier for the public to throw their waste. 
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5.3 Bio-Ecods (Bio-Ecological Drainage System) 
The Bio-Ecods drain was designed based on an open integrated and natural drainage system into 
multipurpose green corridors (open space). The main approach of Bio-Ecods is `control at 
source'. Simulation of the natural hydrology cycle in urban areas was conducted by integrating 
infiltration processes, online and offline detention storage to delay the flow and also as 
treatment techniques (Zakaria et at., 2004). 
5.3.1 Uniersiti Sains Malaysia (USM) Engineering Campus, Sri Ampangan, Penang 
Bio-Ecods was a collaboration between Universiti Sains Malaysia (USM) and DID as a first 
attempt in applying sustainable storm water management in Malaysia. The chosen site for this 
pioneer project was the USM engineering campus in Sri Ampangan, Penang (Figure 5.3.1). 
Initially, the project was planned to provide a conventional drainage system. However, the 
opportunity to implement new ecological drainage approaches came with a grant awarded to the 
River Engineering and Urban Drainage Research Centre (REDAC) from the DID. The project 
was first started in 1997 on the new campus site estimated at about 320 acres. The project was 
completed in December 2002 and was officially launched on 4 `h February 2004. 
The Bio-Ecods drain that has been applied on this campus consists of a few basic components. 
These components were integrated with the ecological systems to allow a complete process for 
stormwater treatment. Bio-Ecods was designed in such a way as to allow the sedimentation, 
infiltration and biodegradation processes to reduce the polluted load from stormwater run-off. 
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A Admistration zone H Progress zone 3 
B Academic zone I Front zone I 
C Development zone J Front zone 2 
D Hostel zone K Oxidation pond zone 
E Recreation zone L Ecological zone 
F Progress zone I M Reserved jungle zone I 
G Progress zone 2 
1 
4 
ýý 
9 
r ,ý 
. ,. 
Figure 5.3.1: Map showing the location of the study site (Source: REDAC, 2004) 
5.3.2 Bio-Ecods System Application in USM 
The Bio-Ecods system application was designed in seven steps before the run-off is released 
into the Kerian River. These steps are described as shown in the Schematic layout in Figure 
5.3.2. There are six main components in constructing the Bio-Ecods swale systems; the 
components are geostrip, module, hydronet filter fabric, clear river sand, top soil and grass 
(Table 5.3.1) (Figures 5.3.3 and 5.3.4). 
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Figure 5.3.2: The Bio-Ecods concept (Source: Zakaria NA, 2003) 
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Swale components Specification Details 
Geostrip Dimension 100 mm x 80 mm x 550 mm 
Flow rate at I% gradient 80 I/min 
Comprehensive strength 12 tons/ m" 
Material Recycled polyrrorpylenc 
Module Dimension 405 mm x 465 mm x 607 mm 
Flow rate at I% gradient 2280 I/min 
Comprehensive strength 8 tons/m' 
Material Recycled polypropylene 
Hydronet filter fabric Permeability 9.30 mm/s 
Clear river sand 
Screening capability 
Sieve analysis according to BS 1377 
0.38 mm 
Mean size between 0.5 mm and 2.0 mm 
Top soil Thickness 1-2 inches 
Grass Species Cow grass 
i aste : ). s. i: basic components for a Ulo-Ecods Swale (Ghani AA, et. al., zuu 4) 
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Figure 5.3.3: Materials used in the construction of the Bio-Ecods drainage systems (Source: Ghani, et al., 
2004) 
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e) Grass planting 
Figure 5.3.4: The Bio-Ecods construction methods (Source: Ghani, et at., 2004) 
b) Module placement a) Excavation 
d) Sand bedding c) unnne sunsuriace attention 
5.3.3 The Bio-Ecods Conceptual Design 
Bio-Ecods is generally based on the `Best Management Practice (BMP's) 'control-at-source' 
approaches. These approaches are to be integrated into urban planning. The Bio-Ecods drain 
functions according to the principles of SUDS as discussed in Chapter 2 (section 2.4), which 
follows the three management trains. It has also been designed to suit Malaysian climatic 
factors: 
"Although Bio-Ecods are drainage devices that rely on natural processes, 
Bio-Ecods must be designed, build and maintained in the context of the 
development control system in Malaysia. " 
(Ghani et al., 2004,1) 
From the schematic layout in section 5.3.2 (Figure 5.3.2), the flow sequence of the Bio-Ecods is 
presented as in Figure 5.3.5. The drainage components consist of a series of ecological swales, 
dry ponds and wet pond and subsurface infiltration storage. 
Perimeter bio-retention swales 
Grass earth 
Dry Pond channel 
Inter-lot bio-retention swales 
+ Subsurface infiltration storage 
Detention Pond 
Wetland / Wading River 
Recreational Pond 
Sg. Kerian 
Figure 5.3.5: Bio-Ecods run-off processes sequences (Sources: NA Zakaria, 2003) 
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5.3.3.1 Perimeter Swale and Ecological Swale 
The swale in the Bio-Ecods can be defined as a grass-earthen channel combined with a 
subsurfaced geo-strip enclosed within a permeable geotextile design (Zakaria et al., 2003; and 
Ghani et al., 2004). 
There are two types of ecological swale namely the perimeter swale and ecological swale. The 
perimeter swales are provided to receive water from various excess, such as from the 
administrative offices, hostel and academic zone (Figures 5.3.6 and 5.3.7). Flows from the 
impermeable surfaces will be directed into the individual lot swale known as the ecological 
swale. In general, the stormwater from the surfaces will be infiltrated into the sub-surface 
module through a layer of topsoil and river sand. These processes are the pre-treatment devices 
that screen particulate material by filtration and absorption to filter material. 
Figure 5.3.6: The perimeter swale surrounding the REDAC office in the USM campus 
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Figure 5.3.7: Cross Section of a perimeter Swale. (Source: Zakaria NA, 2003) 
The ecological swale works as the main conveyor in this Bio-Ecods system (Figure 5.3.8). It is 
a grass channel built with subsurface modules. There are three types of ecological swale, the 
`ecological swale type A' consists of one single module (Figure 5.3.9), `ecological swale type 
B' consists of two single modules (Figure 5.3.10) and `ecological swale type C' consists of 
three single modules (Figure 5.3.11). The different types of ecological swales are based on the 
subsurface module size and capacity of each type (Figure 5.3.12). 
Figure 5.3.8: Ecological swalc type C' between the roadside and the pedestrian walkway in the USM 
campus 
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Figure 5.3.9: Cross-section of an ecological swale type A. Type A only use a single module (Source: 
Zakaria NA, 2003) 
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Figure 5.3.10: Cross-section of an ecological Swale type B. 'T'ype 13 uses a double module (Source: 
Zakaria NA, 2003) 
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Figure 5.3.11: Cross-section of an ecological swale type C. Type C uses a triple module (Source: Zakaria 
NA, 2003) 
Figure 5.3.12: Ecological swale during the wet season (Source: Ainan A, 2004) 
At every connection point, junction and critical point system, subsurface detention storage will 
be placed to temporarily store the run-off and at the same time, reduce the run-off flow. The 
detention storage capacities designed are based on the suitability of its conditions by 
considering the stormwater volume during rainy days at different locations. 
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5.3.3.2 Dry Ponds 
Dry ponds are constructed to store excess water (Figure 5.3.13 and 5.3.14). The dry pond is 
generally a detention basin, which is integrated with the ecological swale in order to store 
stormwater run-off temporarily. The dry ponds also function as part of the landscape 
components, such as fields and recreation areas. 
Figure 5.3.13: Areas between the ecological swale and the building was a dry pond in the USM campus 
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Figure 5.3.14: Cross-section of a dry pond. (Source: Zakaria NA, 2003) 
5.3.3.3 Wet Ponds 
The run-off from the ecological swale will flow into the components of 'Ecological Pond' 
(ECOPOND), such as the wet pond (Figure 5.3.15) and detention ponds before it flows to the 
constructed wetland through a wading river and ends in the recreational pond (Figure 5.3-16). 
The wetland is constructed to treat the run-off. The run-off flows through the wetland 
vegetation, where the contaminants can be removed by direct absorption into the plant tissues or 
by the physical entrapment and subsequent settlement on the wetland bed (Zakaria et al., 2003; 
and Ghani et al., 2004) (Figure 5.3.17). 
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Figure 5.3.15: A site plan of one of the wet ponds in the USM campus. (Source: Zakaria NA, 2003) 
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Figure 5.3.16: Detention pond, wetland, wading rº' er and recreational pond in the USM campus (Source: 
Zakaria NA, 2003) 
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Figure 5.3.17: The constructed wetland area in the USM campus. 
The treated run-off flow into the recreational pond (Figure 5.3.18) before it is released into the 
Kerian River. Tidal gates are provided as an outlet into the Kerian River from the recreational 
pond. In the event of floods, excess water will be directed into the Kcrian River through the 
emergency spillway. 
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Figure 5.3. I8: the detention pond in the I ti\1 Cmnil, u. I' wree, Ice ie'Iwl IiIc 
5.3.4 Bio-Ecods Performance in USM Campus 
The Bio-Ecods system in the USM campus is expected to reduce surface water min-off volumes 
by 65% and reduce solids, nutrients and heavy metal loads from 85% to 100'%) (NA Zakaria, 
2003). In an interview session with the Director of REDAC, he mentions that the Bio-Ecods 
system in the campus has now managed to produce a water quality that is a step lower from the 
drinking water quality stage outlined by the DOE (Figure 5.3.19). The water quality samples are 
always taken from time to time to monitor the quality of the run-off in the campus. 
"... the blends of all these approaches have put our final water qualitY at the 
stage of 2A DOE standard. Therefore, our water quality is just one step lower 
to a drinking water quality... " 
- NA Zakaria, Director of REDAC 
Figure 5.3.11): l he pioneer of Atlantis C unnhany (SýkIIIV \, ti, ý: u. uI , ul li ioi (1k litte-l. cods 
drainage module, demonstrating that the water from the ecological swale type (' is clean and can be 
drunk. 
The construction cost for the Bio-Ecods systems project in the USM campus shows that it can 
save up to 5% of the cost that is usually spent on conventional drainage systems for similar 
projects. A life cycle cost analysis (LCC) assessment has been conducted on the Bio-Ecods 
project in the USM campus. LCC is an economic evaluation to evaluate the sustainability of any 
project which, in this case, involves a Bio-Ecods drainage system, and compares it with 
alternatives systems with a differing costs over the project life (LM Sidek et al., 2004). 
According to Sidek (2004), the comparison of the LCC assessment on the systems capacity to 
transportation of stormwater can be established from the flow charts of Bio-Ecods life cycle 
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models (Figure 5.3.20), the life cycle model for the grassed swalc system (Figure 5.3.21) and 
the life cycle model for the open drainage system (Figure 5.3.22). 
Raw materials Energy resources 
Drainage module production 
Construction 
Operation 
Stormwater 
Module left Recycling the Sediment quality in ground module management management 
Figure 5.3.20: Life cycle model of Bio-Ecods System (Source: LM Sidek et al., 2004) 
Energy resources 
Construction 
Operation and maintenance 
Sediment management 
Figure 5.3.2 1: Life cycle model for grassed swale model (Source: LM Sidek et al., 2004) 
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Raw materials 
Drainage module production 
Construction 
Operation 
Open drain left on ground 
Energy resources 
Recycling the open drain material 
Figure 5.3.22: Life cycle model for open drain system (Source: LM Sidek et at., 2004) 
Although the LLC findings show that the Bio-Ecods system implementation costs arc lower by 
5%, the maintenance costs for the systems are higher. The situation will be decreased over time 
since the contractor involved with the maintenance work becomes more familiar with the 
system and, at the same time, there is an improvement in the management skills (Sidek et al., 
2004). 
5.3.5 Discussion on the Implementation of Blo-Ecods 
Bio-Ecods has managed to reduce and avoid a few problems faced by the conventional drainage 
system. Bio-Ecods has improved from various perspectives, such as the management and 
maintenance of drainage systems, the community, costing and values (Table 5.3.2). 
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Related parties / issues Benefits 
Related government agencies " Prevents pollution (quality) by purification of the stormwater by 
- DID, DOE, Local Authorities ecological/biological processes thus reduce the water 
contamination. 
" Controls flooding (quantity) by attenuation of flood 
discharge/zero peak flow contribution 
" Recharges groundwater by recharging and stabilising the 
fluctuation of the water 
" Enhances the environment (amenity) 
The community " Visual amenity 
" Agenda 21 and biodiversity objectives 
" Social opportunity for wetland appreciation 
" Understanding of how drainage works 
Planning " Planning objectives - sustainability targets and demands of 
statutory consultees are met 
" New 'greenf ield runoff rate' requirements of the DOE are more 
easily achieved. 
Capital cost " Construction cost are reduced by 10%-50% (depends on site 
condition and soil suitability) 
Management " Maintenance is simple and cheap 
" Bio-Ecods is easily understood and avoids expensive specialist 
contractors 
Value " Bio-Ecods uses natural features in the landscape to create 
attractive surroundings which add value to development. 
Table 5.3.2: Benefits of Bio-Ecods (Source: LM Sidek et al., 2002) 
REDAC was responsible for the development and implementation of Bio-Ecods and the USM 
campus was the pioneer project. Based on the experiences of REDAC's while handling this 
project, it would then be a good learning point to be improved upon in the future (Table 5.3.3). 
Problems 
Parties involved in " Coordination among relevant parties need to be understood from the planning 
development and and design phase 
construction " The developer should be responsible for providing the land, meeting the capital 
cost and landscaping costs of Best Management Practices (BMPs) 
Planning and design " Construction of temporary earth channel at the site needs to be made. The 
constructions of swale are made only after the completion of building and 
landscape phase. 
" Grass channels do not appear to be effective at reducing bacteria levels in 
stormwater runoff. Need further treatment by constructed wetland to enhance the 
stormwater quality. 
" Wet swale is not suitable under tropical climate which may become a nuisance 
due to mosquitoes breeding. Dry swale is more suitable for local condition. 
" If designed improperly (such as, proper slope is not achieved), grassed channels 
will have very little pollutant removal. 
"A thick vegetative cover is needed for proper function. Normal grass height 
should be at least 2" above design flow depth 
_ Construction phase " Individual grass channels cannot treat a very large drainage area more than 2 ha 
Legal and guidelines " Legal arguments around who is responsible for the long term maintenance arc 
common. 
Public "A public campaigns need to be conducted nationwide to highlight the new 
concept of drainage s stem 
Table 5.3.3: Problems encountered and lessons learnt from the USM campus Bio-Ecods project (Source: 
LM Sidek et al., 2002) 
Some problems were encountered during the first stage of implementing the system as it was 
difficult to persuade the other related parties involved in the development of the USM campus 
that the systems are worth implementing and may benefit the whole process of development. 
According to Fadzli, the Project engineer for the USM campus drainage systems: 
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"... problem that we have here is that we are not provided with an ample space 
for the drainage system, as it was first designed to suit conventional drainage 
systems, and we also are not getting support from our side (The administration 
of USM). This occurred because they are not familiar or did not really 
understand what a SUD is all about... " 
".. This campus was only a branch campus which is not a big campus project. 
However, the drainage construction project has been broken into fourteen 
packages for fourteen different contractors. It is really hard for us to handle the 
various contractors for the whole project... " 
The Bio-Ecods has attracted many parties interested in implementing the system in their 
projects. This can be seen as a positive change towards a better drainage system in Malaysia. 
One of the projects that REDAC has been appointed to, as consultant for the drainage systems, 
is the Forensic Wards Complex (Figure 5.3.23) in Tanjung Rambutan, Perak. Fadzli comments: 
"... we also have just finished the Bio-ecods project in a hospital in Tanjung 
Rambutan Perak, the outcome of which is much better and nicer.... We've 
learned a lot from our first pioneer project... " 
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Figure 5.3.23: Site plan of the Forensic Wards Complex in Tanjung Rambutan, Perak (Source: 
Lau et al., 2004) 
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5.4 Summation 
The case study focused on various approaches of drainage systems in Malaysia. Johor t3ahru 
represented a study on implementation of a conventional drainage system. Putrajaya represented 
the one with the sustainable drainage approaches. Meanwhile the IIio"Ecods were an attempt to 
apply the sustainable drainage application with various devices system in order to control the 
stormwater within its site. 
Putrajaya was a pioneer project in implementing the idea of sustainable drainage. During that 
period, Malaysia was not introduced to any sustainable approach drainage system. Later, in 
2000, DID changed to the sustainable drainage manual by replacing the 1975 hydrological 
manual. 
The Bio-Ecods was a system developed by REDAC with research grant awarded from DID to 
study sustainable drainage system. REDAC was then given the opportunity to develop SUD in a 
few projects, such as the Forensic Ward in Tanjung Rambutan, Perak. 
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Chapter 6 
Public Survey Analysis 
6.0 Introduction to the Public Survey Analysis 
The public surveys had been conducted using qualitative and quantitative approaches as 
discussed earlier in Chapter 4. The quantitative method that has been carried out is a public 
questionnaire survey and focus groups had been used for the qualitative method. These surveys 
were conducted in Johor Bahru and Putrajaya in the autumn of 2004; from August to October. 
The questionnaire consisted of six parts; from A to F. Each part represented a topic, such as 
personal background, satisfaction with current drainage system, awareness of drainage-related 
environmental problems, drainage practices, improvement to the drainage system and additional 
information related to drainage issues. There were thirteen questions altogether; with a 
combination of multiple choice questions and an open-ended questions. 
6.1 Public Response to Survey 
A total of one thousand two hundred questionnaires were distributed within the two study sites - 
Johor Bahru (JB) area (three residential areas to the cast of the district) and in Putrajaya one 
residential area using self-reply envelopes. Four hundred forty-seven replies were returned, 
where two hundred eighty-two replies were received from JB, with the remaining one hundred 
sixty-five received from the residents of Putrajaya (Table 6.1.1). This equals a total of 37% 
response rate. 
I 
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Response rates 282 165 3700 
Respondent's age group 
16-19 5% 
20-24 14° ý, 
25-34 15°%o 
35-54 58% 
55 and above 8% 
Respondent's gender 
Male 48% 
Female 52% 
Respondent's educational background 
Primary 8% 
Secondary school leaver 26% 
Certificate holder 18% 
Degree holder 48% 
Respondent's occupation group 
Managerial 18% 
Homemaker 17% 
Students 13% 
Unemployed 11% 
Not determined by respondent (missing value) 41% 
Homeownership 
Tenant 62% 
Owner 38% 
Table 6.1.1: Respondents' distribution of demographic factors 
A majority of the respondents is between the age group of `35-54 years old' (58%), while the 
smallest number of response is from the `l6-19 years old' age group (5%) (Table 6.1.1). As 
shown in Table 6.1.1, the respondents aged below 34 years old arc fewer compared to the 
respondents aged between 35 and 54 years old. This is due to the fact that most of the urban 
population is made up of workers aged bctwecn35 to 54 years old. In Malaysia, the retirement 
age is 55,56 or 58 years old. The respondents in younger age group all underwent higher 
education, with most of them finishing their studies at the age of 24. 
The female respondents (52%) showed more interest compared to the male respondents (42%) 
(Table 6.1.1). Female responses were slightly higher than the male responses (Table 6.1.1). 
Cultural influence might have contributed towards many of the female respondents spending 
most of their time at home compared to the males. 
Based on the respondents' feedback, 49"%%% are degree holders fibllowed by 27% secondary school 
leavers, 18% certificate holders and the remaining 8% are primary school leavers (Table 6.1.1). 
The distribution of the respondents based on their professions is shown in Table 6.1. I. The most 
responses received were from the managerial group (18%) followed by the homemakers (17%) 
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and students (13%). The least responses were received from the unemployed group (1%). 
Overall, most of the respondents have stayed in the residential area for over ten years (37%) 
(Table 6.1.1) and most of them own a house (62%) (Table 6.1.1). 
However, to get a clearer picture of the perceptions of the respondents, analyses of the data shall 
be discussed based on the respondents' experiences in the following section. 
6.2 Survey Analysis from the Public Respondents 
All the data received were analysed using the SPSS 2005 Version 12.0 software. The data were 
then organised into a data file, which contains the data of all the public respondents from Jß and 
Putrajaya. The frequencies of all the variables from the data arc shown in this sub-topic, and a 
Chi-square test is used in order to assess the validity of the relationship between the two 
variables. The result of the Chi-square (X2) test shows a degree of association between the two 
variables. In this study, it is used to identify the significance of the variable's relationships in a 
contingency table. 
A relationship is only assumed to be statistically significant if the probability level is 0.05 or 
less. A significant relationship only indicates the degree of association and not what the 
association is; for example, whether it is positive or negative. 
This study aims to identify if the percentages of those who have not experienced stagnant water 
in the two locations, which are JB and Putrajaya - as seen in Table 6.3.2, which is based on the 
data and analysis. The data arc tested and the result shows the computed Chi-Square (X2), the 
degrees of freedom (dj), and significant level (p). For example, the `location' factors based on 
Table 6.2.2, and its association with the `stagnant water' issue is 68.530, the df=1, and the 
significant level isp=0.000. 
Based on this result, it can be seen that the results arc significant because the percentages of 
`those with experience of stagnant water (Yes)' and `those without experience of stagnant water 
(No)' are different in each location. Thus, this difference is large enough to be significant. 14% 
experienced stagnant water in Putrajaya and 86% experienced stagnant water in J13. Meanwhile, 
`those without experience of stagnant water' has a reversed pattern with 52% in Putrajaya and 
48% in JB. 
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The formats for the quantitative results discussion for each topic arc presented with a table of 
percentage of the responses received for each subtopic. Tables from Chi-square test arc also 
shown to give the idea of the relationship in every topics. 
6.3 Problems Associated with the Current Drainage System 
During the survey, respondents were asked to identify their experiences of the given problems 
associated with current drainage system in the study areas, such as stagnant water, floods and 
others. (Table 6.3.1). The result shows that mosquitoes, littering and odour are the most serious 
problems as seen from their ranking. Surprisingly, flash floods and careless accidents arc not 
considered to be serious issues among the respondents. however, rapid urbanisation in many 
major cities in Malaysia has suffered from the flash flood due to the rapid development (refer to 
3.0 in Chapter 3). 
Yes No 
Still water / Stagnant water 40 60 
Mosquitoes 83 17 
Flash flood 18 82 
Careless accident 14 86 
Littering 48 52 
Overload 34 66 
Drainage blockage 40 60 
Smelly 41 59 
Other 8 92 
fable 6.3.1: Respondents' feedbacks on their experience of current drainage problems 
In a tropical climate like Malaysia, vector diseases arc a great threat to the community. 
Problems associated with mosquito-borne diseases are related to problems as a result of rapid 
urbanization (Aiken and Leigh, 1975; Parkinson, 2003; and Banda et. al., 2007). The Culex, 
Anopheles and Aedes mosquitoes transmit various dangerous diseases. As discussed in Chapter 
2, various factors, such as open drainage channels, standing or stagnant water, and blockage 
drain provide breeding sites for the mosquitoes (Parkinson, 2003). 
These water health impacts depend on a few factors, which vary from the source of water to the 
handling of the domestic setting (Banda et. at., 2007). There is a possibility of socio-cultural 
factors influencing the public knowledge, attitudes and practices in managing their daily water 
usage (Brick et. al., 2004; Clasen et. al., 2006; and Banda ct. al., 2007). As a multi-racial country, 
the differences in multi-traditional culture might be an obstacle for the responsible agencies to 
control the handling of domestic water. Therefore, it remains uncorrected. 
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However, as discussed in the earlier section (refer to 3.2.4 in Chapter 3), there is less 
consideration amongst the public on urban stormwatcr issues as there seem to be a lack of 
awareness over it. This could be the result of rapid landusc changes from the population growth, 
which cause difficulty in keeping pace with the urban infrastructure (Izazola et at., 1998) (refer 
also to 2.1 in Chapter 2). Feedbacks received from the focus group respondents do not show that 
they were alert of water-borne diseases (further discussed in sections 6.7-6.10, in Chapter 6). 
According to Lima and Castro (2005) as stated in section 2.1.2 in Chapter 2, the level of 
concern on global environmental issues is higher than local issues. This then might be an 
important issue that has influenced the results of the survey. 
6.3.1 Stagnant Water Problems in the Current Drainage System 
Poor drainage system and improper sanitation management cause stagnant water. This problem 
leads to various other problems that could threaten the public with water-borne diseases, such as 
the contamination of drinking water as well as providing potential areas for parasitic worms 
(Figure 6.3.1) (Caimcross and Ouno, 1991; Kolsky, 1999; and Parkinson, 2003). Problems 
associated with stagnant water are related to the respondent's location, age, gender, education, 
homeownership, occupation and length of living time factors (Table 6.3.2). 
Figure 1: I Stagnant water and disease transmission -the health 
consequences of poor drainage 
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Figure 6.3.1: Stagnant water and disease transmission - The health consequences of poor 
drainage 
(Cairncross and Ouano, 1991; and Parkinson, 2003) 
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Variables Test Result 
Exact Significance -E 
Monte Carlo - MC 
Location Chi-Square X"-68.530; df-l p-0.000- 
Age Chi-Square X J-25.916; df-4 0.000 MC 
Gender Chi-S uare X'-5.639; dffl' p=0.0 
Education Chi-Square X=40.478" dfa3 0.000 MC 
Homeownership Chi-Square V-29.309- df=I x. 000 
Occu ation Chi-Square X1-75.02 1" df 11 " =0.000 MC 
Length of living time Chi-Square X2-42.749; dfi -0.000 MC 
Table 6.3.2: Respondents' experiences of stagnant water problems and its association with demographic 
factors. 
The respondents' feedbacks on stagnant water vary significantly according to the study area 
(Table 6.3.2). Better drainage systems in Putrajaya have reduced the possibility of residents 
facing the problems compared to the JB respondents. 
The results between the `age groups' and their association with stagnant water issues show a 
significant difference (Table 6.3.2). This is because the percentage of `residents with experience 
of stagnant water' and `residents without experience of stagnant water' is different for each age 
group. Concerns about stagnant water is the highest for the age group of 35-54 years. This 
might be because this age group is made up of the main occupiers of houses. Other groups show 
less response to experiences regarding this issue. 
Female respondents are more concerned about stagnant water issues compared to the male 
respondents. According to Fadda and Jiron (1999), men and women perceive the environment 
differently. They have different roles and activities in their daily life which force them to look at 
or be aware of different needs and elements (Rico, 1993; and Fadda and Jiron, 1999). 
The secondary school leavers are the group with the most experiences regarding stagnant water 
problems. This could be related to the living surroundings of the middle class worker. It is 
stated in the `Property Market Report' (2004), that terrace houses (priced RM I80k and below) 
continue to dominate the property market by 78.4%, and only 2.8% of high-end houses (priced 
RM500k and above) was in demand in the same year. This shows that most of the residential 
dwellings in urban areas were provided to satisfy the demand of the lower income groups or 
working groups. 
The surveys on stagnant water problems and their association with homeownership status show 
that house owners are more alert about or aware of the stagnant water issues within their 
residential area. Homeowners do have the tendency to show more awareness compared to 
tenants, which resulted from their interest in being satisfied with the residential areas (Saunders, 
1990; and Elsinga and Hoekstra, 2005). Saunders (1991) describes this scenario as people's 
`possessive instinct', which leads to a tendency of having satisfaction in their marked territories 
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or boundaries. In the case of the Malaysian housing residents, they have shown their awareness 
of stagnant water issues, which may lead them to seek further solutions to ensure that their 
living boundaries live up to their expectation. This issue has also been discussed in Chapter 2. 
Students and homemakers appear to be more aware of stagnant water problems within their 
living area. This may be due to the higher time spent in their houses or living areas compared to 
other groups of occupation. In Malaysia, students spend a single session in school, which is 
either from 7am-12.45pm for the morning session or 1.00pm-6.30pm for the afternoon session. 
Furthermore, those who are involved in education are more exposed to the environmental issues 
and information. The managerial and executives groups, which can also be considered as office 
workers, showed less concern about stagnant water issues. This might be influenced by the time 
that they spend at home. Officially, the office hours in Malaysia arc from 8.30am-5.30pm, and 
most of them arrive home after an average of a 1-hour journey. Barter (2002) points out that the 
increasing impact of traffic in urban areas on the quality of life takes the form of vehicle 
congestion and interruption, and the environment (Bunnel, et. al., 2002). Therefore, since they 
spend more time in the office and on the journey, this leaves limited time to be spent at home. 
Respondents who have been staying longer in their homes are more aware of the issues. Based 
on the survey, it shows that respondents who had lived in the studied areas for more than six 
years have experienced stagnant water. This is related to familiarity, which helps a person to 
feel the level of comfort (Kaplan, et. at., 1998). The tendency for comfort has alerted them 
towards level of discomfort, such as stagnant water. As discussed earlier, according to Saunders 
(1991) and Elsinga and Hoekstra (2005), people will seek satisfaction elements, such as 
improving any problems that can disturb the satisfaction level of their living boundaries. On the 
other hand, residents who had lived there for less than six years arc still undergoing the process 
of familiarisation with the living space (Kaplan, et. at., 1998). There is also a possibility that 
residents staying less than six years are tenants, who, according to Elsinga and Ilockstra (2005), 
have less awareness of the living surroundings compared to the homeowners as mentioned in 
the earlier discussions. 
6.3.2 Flash Flood Problems in the Current Drainage System 
According to the respondents' feedbacks on flash flood issues, the result shows that concern is 
related to the study area, educational background, occupation and length of time in the house 
(Table 6.3.3). 
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Variables Test Result 
Exact Significance -C 
Monte Carlo - MC 
Location Chi-Square X- 14.162; dffi 0.000 
Education Chi-Square X2-54.376, df=3 =0.000 MC 
Occupation Chi-Square X2-31.565-, df=11" p=0.001 MC 
Length of living time Chi-Square X-32.938: df 0.000 MC 
Table 6.3.3: Chi-square test of respondents' experiences with flash floods based on demographic factors 
Based on the survey analysis, from one hundred and sixty responses received from Putrajaya, 
9% responded that they experience flash floods compared to 23% of the two hundred sevcnty- 
three replies from JB respondents. The JB respondents experience more flash flood problems 
due to its rapid disposal drainage approaches compared to the sustainable drainage approaches 
that have been implemented in Putrajaya. 
The result shows that the respondents with certificate have most experience more flash flood 
problems. This result might be due to the household income, location or the age of the 
development area as discussed also in Chapter 2. Cities in Malaysia arc considered as post- 
industrial area so housing is important in order to support the labour market (Marcuse and van 
Kenpem, 2000; and Bunnel, et. al., 2002). Therefore, housing development projects arc also 
influenced by housing demand patterns that came from every occupational background, 
especially lower income groups (Morshidi, 1997). The need to provide infrastructures and 
trends of higher purchase houses with a growing population demand towards cheaper 
accommodation have influenced urban development (Ahmad Zakki Yahya, 1997; and Bunncl, 
et. al., 2002). Residents with good qualifications mostly could afford a better housing scheme, 
which provides a good sanitation and drainage system; with better management and 
maintenance facilities. However, the increasing value of urban land has resulted in most units 
for the lower income groups being in high-rise buildings (Bunncl, ct. al., 2002). The certificate 
holders were mostly medium class workers who were more interested in the medium cost 
housing schemes, which are more affordable. On the other hand, families without the necessary 
funding to purchase a house would prefer rented houses. All these social and economic forces, 
and the rapid urban development have influenced the residents' experiences of flash flood water 
and the flash flood event itself. 
The homemakers, clerical officers, students and the self-employed arc in the groups that were 
most concerned about flash flood issues in this survey. It is interesting to discover that the 
managerial and professional group have less experience in facing the flash flood issues 
compared to the general workers. This issue might be due to the location of residential area 
itself, and the household income, which influence whether an individual can afford to own a 
better living place as discussed earlier on educational background. On the other hand, the 
government policy developed after Independence in 1957 had allocated housing for low-income 
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households (Agus, 2002). This is also a reason why most of the respondents come from lower 
income groups. 
A respondent's length of living in the area and its association with flash flood events might be 
influenced by various factors. Those who have lived less than three years have had less 
experience of flash floods. Respondents who have lived more than three years in their homes 
have had experiences of flash floods in the year. On the other hand, residents who have lived 
more than ten years have responded that they have less experience of flash floods. There arc a 
few possibilities that may have influenced the results. They are as follows: 
a) In recent years, the housing development trend has changed to a new development area a bit 
farther than the developed urban areas. This is known as new township developments. This 
trend has given advantages to the urban population in terms of the prices, which are much 
more affordable. The trend developed since the post-independence period to cater for the 
housing needs and there is an expansion of existing settlements and also the creation of new 
settlements (McGee, 1976 and 1982; and Agus, 2002). New towns, such as Shah Alam, 
Bandar Baru Bangi and Skudai had been developed near the larger metropolitan cities, such 
as Kuala Lumpur and JB; promoting the intermediate cities near the bigger cities 
(Mohammad, 1983; and Agus, 2002). Therefore, the environmental pressures are much less 
as the areas are still newly developed and without pressures or forces from nearby 
developments. This resulted in the residents having less experiences of flash flood. 
b) Those who have lived longer in their living area experience the impact of continuous urban 
development. The rapid development processes have disturbed the living environment due 
to the construction from nearby developments as well as the urbanisation impact. Problems 
due to development activities, such as sedimentation and erosion, arc factors that might 
have influenced the flash flood. Therefore, the chances of having experienced the flash 
flood are much higher from time to time. For example, one might not have any flash flood 
problems at the early of occupancy, but as the surrounding areas undergo development 
processes, the problem might then occur. This is considered as a new experience since the 
residence might not have experienced the problems before. 
c) Older developed areas have the tendency to be influenced by surrounding developments as 
the area might have been fully developed. Therefore, they do have the advantage of going 
through maintenance processes to improve the living areas by the respective authorities. 
This factor might have influenced the results of having less experiences of flash floods by 
residents who have lived there for more than ten years. 
136 
d) The new housing schemes may also have the advantage of a new drainage system or 
MSMA that has been used officially since 2000. These housing schemes have been 
provided with the SUDS approach. The same influence on the result may have also affected 
respondents from Putrajaya, which itself has been provided with SUDS. 
It had been predicted that the old residential might experience worse problems compared to a 
new residential that had been provided with better drainage solution. However, this prediction 
did materialise as seen from the result. It is interesting to note that, in sustainable drainage 
approaches, the new project has the opportunity to be provided with SUDS. 
6.3.3. Careless Accidental Problems in the Current Drainage System 
An awareness of careless accidents related to the drainage system is significantly associated to 
the study area, age group, the gender, education, homeownership status, occupation and length 
of living time (Table 6.3.4). 
Variables Test Result 
Exact Significance -E 
Monte Carlos NIC 
Location Chi-Square X==42.208; df= 1; 0.000 
Age Chi-Square X-26.898; df=4 0.000 MC 
Gender Chi-Square X"=1 1.212; df-1 " 4.001 MC 
Education Chi-Square X=35.402; dh3 -0.000 MC 
Homeownership Chi-Square X=7.420; df=1 =0.006 
Occupation Chi-Square X"=68.109; df-11" . 000 
MC 
Length of living time Chi-Square X=61.019; df=4; =0.000 MC 
Table 6.3.4: chi-square test of respondents' experiences with careless accidents bases on aemograpnic 
factors 
Surprisingly, all responses on careless accidents were from the JB respondents. This might be 
due to the fact that the JB residents had lived there for over ten years, and there is a higher need 
for maintenance and improvement in order to reduce the risk of accidents. On the other hand, 
Putrajaya is a new residential area. Therefore, the risk of accidents is very rare and low. The 
`length of living' and `homeownership status' seem to have influenced residents' awareness of 
any indicator that may lead to accidents especially those involving children. This shows a 
higher level of awareness among people who are attached to their living spaces. For example, 
ownership of residential homes is considered as tantamount to holding a legal title to the 
properties. Thus, owners will take more care of their properties (Nassauer, 1997; and Kaplan, et. 
al., 1998). 
Stratford (1995), Jackson (1998), Basiago (1999) and Regan and Born (2005) show that gender 
do contribute to the level of awareness. This has also been discussed earlier in section 2.1.1.1 in 
137 
Chapter 2. The female respondents show more awareness of careless accidental problems 
compared to the male respondents. A woman's duties in domestic areas have increased their 
concerns about water issues compared to the male subjects (Stratford, 1995). 
On the other hand, a resident's daily routine affects individual attachment and cxpcricncc of 
space (Ulrich, 1983; Kaplan and Kaplan, 1989; Ulrich et at., 1991; Kaplan, 1995; and Regan 
and Horn, 2005). These are the reasons that have influenced certain people in the occupation 
group to show less awareness of water issues or problems. Furthermore, this is also caused by 
the time they spend with the community within the living area. Respondents living less than a 
year have no response for careless accidental problems which, according to Nassacur (1997), 
can be related to the individual sense of attachment to a place. 
6.3.4 Littering 
The problem of littering significant based on the respondents' location, age, gender, educational 
background, homeownership, occupation and length of living time (Table 6.3.5). 
Variables Test Result 
Exact Significance -E 
Monte Carlo - MC 
Location Chi-Square X"=81.495; dfal " -0.000 
Age Chi-Square X"=28.139; df=4; 0.000 MC 
Gender Chi-Square _ X-3.964; df=i " -0.046 
Education Chi-Square X'=36.822; df-3" p=0.000 MC 
Homeownership Chi-Square X z-51.269; df-1 0.000 
Occupation Chi-Square X X1 5.262; df l 1; p=0.000 MC 
Length of living time Chi-Square X=45.000; df-4 =0.000 MC 
Table 6.3.5: Chi-square test of respondents' experiences with littering based on demograpnic factors 
The results from the respondents' feedbacks on littering show that it is significant according to 
the study area (Table 6.3.5). The littering issue is higher in JB and could have been influenced 
by the residents' educational backgrounds, which arc also related to having less source of 
information supplied to them. 
This is an illuminating result based on the age factor and littering problems. Although most of 
the respondents responded positively, the Chi-square results show that the expected count of 
those who are not having problems with littering is higher than the observed, accepted result 
from the group aged between 25-34 and 35-54 years. These are the 'working' age group; most 
of whom have less time to spend in their living surroundings. Therefore, they have less sense of 
space to influence their awareness (Nassacur, 1997). 
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The secondary school leavers, certificate holders and degree holders arc the group that gave 
higher responses based on their experiences of difficulty with littering problems in their 
living 
surroundings. However, there is a higher response among the degree holders that shows that 
they have no experience of littering. This maybe due to the fact that they live in better 
residential areas. This also includes the daily routine factor which affects the time spent within 
their living areas as discussed earlier. 
The executive and managerial workers show a higher percentage of those who do not 
face this 
problem in their living areas compared to other groups of occupation. This may due to the time 
spent within their living surroundings which is less as the office working hours in Malaysia are 
from 8.00am to 4.30pm. 
6.3.5 Overflow of Drainage Capacity 
The respondents' feedbacks on the overflow of drainage capacity is significantly high based on 
their location, age, gender, education, homeownership, occupation and length of living time 
(Table 6.3.6). 
Variables Test Result 
Exact Significance -E 
Monte Carlo = MC 
Location Chi-Square X z=56.104; df=1; p--0.000 
Age Chi-Square X-29.97 1; df=4 0.000 MC 
Gender Chi-Square X'=3.940; df=1 -0.047 
Education Chi-Square X=38.764; df-3 0.000 MC 
Homeownership Chi-Square X =22.044; dfal -0.000 
Occupation Chi-Square X =37. 822; dfa l 1; p=0.000 MC 
Length of living time Chi-Square X2=43.311; df=4 -0.000 MC 
Table 6.3.6: Chi-square test of respondents' expenences with insutticlent amount ul uº4111Ub- " ut'"ý"", 
based on demographic factors 
The respondents' feedbacks on the insufficient amount of drainage capacity issues show that 
it 
is significant according to the study area. The insufficient amount of drainage capacity issues 
are higher in JB because of the conventional drainage system, which was designed based on 
rapid disposal approaches. This approach is used to transfer water run-off as soon as possible to 
the downstream. 
The 35-54 years old age group shows the highest response of not experiencing insufficient 
drainage capacity problems in their living area. They are respondents who live in a new and 
well-developed residential area, whilst the other age groups still live within the old development 
residential scheme. 
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Respondents with academic qualifications higher than secondary schools are more alert about 
the insufficient amount of drainage capacity within their housing areas. However, the degree 
holders have less experience of the insufficient amount of drainage capacity in their living 
areas. This could be due to the fact that they live in better housing areas. Same scenarios can be 
related to workers associated with office-working environment, such as executives, managerial 
staff or academicians, who experience less insufficient amount of drainage capacity within their 
living areas. 
6.3.6 Drainage Blockage 
The responses on drainage blockage are significantly high based on the respondents' location, 
age, education, homeownership, occupation and length of living time (Table 6.3.7). 
Variables Test Result 
Exact Significance -E 
Monte Carlo - MC 
Location Chi-Square X z-77.047; dfal 0.000 
Age Chi-Square X--16.461; df=4 0.001 MC 
Education Chi-Square X2=35.704; df=3 0.000 MC 
Homeownership Chi-Square X =24.002; dgl 0.000 
Occupation Chi-Square X=42.866; df 11; =0.000 MC 
Length of living time Chi-Square X =40.079; df=4; -0.000 MC 
Table 6.3.7: Chi-square test of respondents' experiences with drainage blockage based on aemograpnic 
factors 
The respondents' feedbacks on drainage blockage are related to the respondents' location (Table 
6.3.7). The JB respondents are highly responsive to issues that might be associated to the 
insufficient amount of drainage capacity and littering issues that have been discussed in the 
earlier section (Table 6.3.5 and Table 6.3.6). as recalled, Putrajaya was planned with a 
sustainable approach to the drainage system. Components such as filter strips and permeable 
surfaces, do help to reduce water run-off. Furthermore, the residential areas were provided with 
covered drainage systems which protect drainage from debris problems. This concept is based 
on control-at-source techniques that have been introduced in SUDS. 
The respondents' feedbacks on drainage blockage seem to be related to their age (Table 6.3.7). 
Respondents aged between 25 to 54 years old are highly related to issues which might be caused 
by the fact that they are the largest age group that occupy both areas and also in responding to 
the questionnaire. However, respondents aged 16-19 years old and 55 years old and above 
show higher frequencies. This could be due to the fact that they are the age groups that spend 
most of their time at home. The 16-19 year old age group consist mostly of secondary school 
level, whilst the 55 years old and above age group consist of the retirement group. 
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The respondents' feedbacks on drainage blockage appears to be related to their homeownership 
(Table 6.3.7). Based on the residents' experiences of facing drainage blockage problems, 
houseowners seem to be more aware than tenants, This might be influenced by the sense of 
belonging, with the owners being more aware of their living environment (Nassacur, 1997). 
As for those who responded that they did not face drainage blockage problems (Table 6.3.6), 
homeowners also show a higher response compared to tenants. Nowadays, people arc more 
aware and have knowledge of buying good comfortable houses in terms of planning and design. 
The respondents' feedbacks on the drainage blockage seems related also to their occupations 
(Table 6.3.7). The number of responses on never having drainage blockage problem is higher 
among the executive and managerial workers. This could have been influcuccd by the daily 
routine, where most of the time is spent in the office and less at home. 
The respondents' feedbacks on the drainage blockage also appear to be significantly related to 
the respondents' length of time living in their home (Table 6.3.7). The result shows that those 
who had occupied their homes longer have most experiences with the drainage blockage 
problems compared to those who had lived in the residential area less than three years. 
6.3.7 Bad Odour From the Drainage System 
The respondents' feedbacks on bad odour from the drainage system appear to be related to their 
location (Table 6.3.8). The JB respondents show a higher response to bad odour from the 
drainage, which can be associated to the insufficient amount of drainage capacity, littering and 
blockage of drainage systems that have been discussed earlier in sections 6.3.4,6.3.5 and 6.3.6. 
Variables Test Result 
Exact Significance -E 
Bad odour from the drainage systems Chi-Square X =82.956" df=1; =0.000 
Table b. 3. b: insufficient amount of drainage capacity problems and its association to responuenis 
location 
6.4 Awareness of Drainage Related Environmental Problems 
The lists consisting of drainage related environmental problems have been included in the 
questionnaire (Appendix A), and respondents were asked to note the level of concern about 
respective issues. Most of the significant subjects that seem to have influenced the respondents' 
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awareness of drainage related environmental problems are almost similar, especially on water 
quality deterioration (sec section 6.4.1), water related diseases (sec section 6.4.2), the decrease 
in fresh water species and vegetation (see section 6.4.3). 
6.4.1 Water Quality Deterioration 
The respondents' awareness of water quality deterioration seem to be significantly related to 
their location, gender, educational background, occupation and length of time living in the area 
(Table 6.4.1). 
Variables Test Result 
Exact Significance -E 
Monte Carlo - MC 
Location Chi-Square X=43.237" df=4 0.000 MC 
Sex Chi-Square X =15.521" df=4 0.004 MC 
Education Chi-Square X z-58.900; df=12 p=0.000 MC 
Occupation Chi-Square X =171.168" df 44 0.000 MC 
Length of living time Chi-Square X -110.158" df16 0.000 MC 
Table 6.4.1: Water quality deterioration 
The percentage of respondents who are less concerned or who arc not concerned at all about the 
water quality deterioration issue is high in JB. This could be due to their educational 
background and source of information on the related issues. Respondents with lower 
educational qualifications were mostly from JB, whilst the Putrajaya residents mostly had 
highly qualified educational background. This might be due to the fact that the Putrajaya 
township itself was developed as administrative centre of the Malaysian govcmment. 
The percentage of female respondents concerned or who arc very concerned about the water 
quality deterioration issues is high. This result correlates with findings in Eisler, et. al. (2003) 
and Jorgensen (2004) who founded that females are more aware of environmental issues than 
males. 
The respondents' occupation (Table 6.4.1) seem to be related to their awareness on water 
quality deterioration. The individual interaction, attachment and time spent in their surroundings 
are very important in examining the perception or awareness of any environmental issues. 
The percentage of the respondents' length of living time in their houses shows a highly 
significant relationship with their awareness on water quality deterioration. The length of time 
in the living area appear to be associated to the individual attachment to the place. People arc 
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more involved or aware of the place once they have more connection and engagement with the 
place (Nassaeur, 1997; and Kaplan, et. al., 1998). 
6.4.2 Water-Borne Diseases 
In a tropical region, such as Malaysia, communities are threatened by water-borne diseases, 
especially malaria and dengue. In this study, the awareness of water-borne diseases seems 
related to the respondents' location, education, occupation and length of time living there (Table 
6.4.2). This result could also due to the factors that have been discussed in section 6.4.1.1 on 
location, education, occupatioji and length of time living and its association with water quality 
deterioration. 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =20.474; df=4; p=5. MC 
Education Chi-Square X =66.359; df=12; p=0.000 MC 
Occupation Chi-Square X =158.215; dß-44; =0.000 MC 
Length of living time Chi-Square X=74.730; df=16; =0.000 MC 
Table 6.4.2: Water-borne diseases 
6.4.3 Decrease of Fresh Water Species and Vegetation 
Putrajaya residents showed more concern than the JB respondents on the issue regarding the 
decrease of water species and vegetation (Table 6.4.3). This might be due to the township 
planning where residents are exposed to the nature. For example, people in Putrajaya can easily 
reach the Wetland Park, Botanical Garden and Heritage Park. This then gives Putrajaya 
residents more exposure to nature compared to the JB residents. 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X2 =26.185; df=4; p=0.000 MC 
Education Chi-Square -5T=-62.402; df=12; =0.000 MC 
Homeownership Chi-Square X2=13.160; df=4; =0.009 MC 
Occupation Chi-Square X =126.026; df=44; p--0.000 MC 
Length of living time Chi-Square X=46.149; df=16; =0.000 MC 
Table 6.4.3: Decrease of fresh water species and vegetation 
143 
Other factors that are significant appear to be education, homeownership, occupation and length 
of living time. The homeownership factor is also related to the `length of living time' factor, 
which at the same time is associated to the individual connection with the place. 
6.4.4 River Sedimentation Due to Development Activities 
Responses on river sedimentation due to development activities seem significantly related to the 
respondents' location, gender, education, homeownership, occupation and length of living time 
(Table 6.4.4). it has been suggested that rapid urbanization has been a major contributor towards 
envirQnmental problems in Malaysia (Haron, Paim and Yahaya, 2005). Migration to urban areas 
has increased the need for housing, which forces the development of many new housing 
schemes (Brunnel, et-al., 2002). Rapid developments in urban areas have caused river 
sedimentation, which is also a factor in flooding (MSMA, 2000). 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =35.646; df=4; =0.000 MC 
Sex Chi-Square X I=27.054; dß-4; =0.000 MC 
Education Chi-Square X2=45.178; df=12; =0.000 MC 
Homeownership Chi-Square X =13.299; df=4; p=0.007 MC 
Occupation Chi-Square X =128.451; df=44; p=0.000 MC 
Length of living time Chi-Square X =83.100; df=16; p=0.000 MC 
Table 6.4.4: River sedimentation due to development activiues. 
6.4.5 Sewage and Domestic Waste Discharge Into the River 
An awareness of sewage and domestic waste discharge into the water is significant based on the 
respondents' location, education, homeownership, occupation and length of living time (Table 
6.4.5). There is no significance between the issues and the respondents' gender. Improper 
sanitation systems appear to be a major factor in this issue. It has been found that people living 
in slum areas are exposed to this problem. Many cities in developing countries face slum-related 
problems, such as sanitation and sewage problems (Ranson, 1991). 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =43.237; df=4; -0.000 MC 
Education Chi-Square X =63.463; df=12; p=0.000 MC 
Homeownership Chi-Square X=21.692; dF4; -0.000 MC 
Occupation Chi-Square X =18.451; df-44; =0.000 MC 
Length of living time Chi-Square X =83.100; df=16; p=O. MC 
Table 6.4.5: Sewage and domestic waste discharge into the river 
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6.4.6 Floods and Flash Floods 
Flash floods or floods are the main hazards in most areas in Malaysia (Weng, 2002). Flood 
awareness among respondents seems highly significant based on location, gender, education, 
homeownership, occupation and length of living time (Table 6.4.6). 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =13.168; df=4; p=0.009 MC 
Sex Chi-Square X =14.626; df=4; p=0.003 MC 
Education Chi-Square X"=45.464; df=12; p=0.000 MC 
Homeownership Chi-Square X2=13.727; df=4; =0.006 MC 
Occupation Chi-Square X =136.522; df=44; p=0.000 MC 
Length of living time Chi-Square X =65.889; df=16; p=0.000 MC 
Table 6.4.6: Floods / flash floods 
Most cities in Malaysia with dense development have been experiencing flash floods. Since this 
problem is getting worse, the government has allocated a budget to mitigate flood problems in 
the 9`h Malaysia Plan as discussed in section 1.0 in Chapter 1. 
6.4.7 Litter in Waterways 
Litter in waterways or solid waste contributes to the deterioration in water quality through the 
presence of decayed organisms in most waterways in Malaysia (Kuang and Jusoh, 2002). 
Location, age, gender, sex, education, homeownership, occupation and length of living time are 
factors that are of high significance in relation to the respondents' awareness of solid waste 
issues (Table 6.4.7). 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =14.829; d=4; p=0.003 MC 
Age Chi-Square X =46.017; df=16; p=0.000 MC 
Sex Chi-Square X'=10.928; df=4; =0.024 MC 
Education Chi-Square V=42.760; df=12; p=0.000 MC 
Homeownership Chi-Square X2=21.738; dß-4; =0.000 MC 
Occupation Chi-Square =114.166; df=44; p=0.000 MC 
Length of living time Chi-S uare X =144.682; If--16; p=0.000 MC 
Table 6.4.7: Litter in waterways 
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6.4.8 Algae Growth and Weed Infestation 
Algae growth or weed infestation is an organic contributor towards river pollution (Maznah and 
Mansor, 2002). These are due to domestic waste, farms, industrial and agro-based industry. 
Factors of location, gender, education, homeownership, occupation and length of living time are 
highly linked to the respondents' awareness of algae growth and weed infestation (Table 6.4.8). 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X"-=-3"3.490; df=4; p=0.003 MC 
Sex Chi-Square X =23.657; df=4; p=0.000 MC 
Education Chi-Square X"=88.981; df=12; p=0.000 MC 
Homeownership Chi-Square -K7=- df=4; =0.001 MC 
Occupation _ Chi-Square X2= 152.637; df=44; =0.000 MC 
Length of living time Chi-Square X =76.455; df 16; =0.000 MC 
Table 6.4.8: Algae growth and Weed infestation 
6.4.9 Heavy Metal in Waterways 
The impact of urban activities has altered the biochemical and geochemical cycles and balance 
of some heavy metals, such as Pb (plumbum), Fe (ferum) and Al (aluminum) (Saphira, et. at., 
2004). An awareness of heavy metal in waterways is significantly high based on the 
respondents' location, age, education, homeownership, occupation and length of living time 
(Table 6.4.9). 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X=36.354; df=4; =0.000 MC 
Age Chi-Square X=41.259; df=16; =0.001 MC 
Education Chi-Square X =57.550; df=12; =0.000 MC 
Homeownership Chi-Square -3F=-20.065; df=4; =0.000 MC 
Occupation Chi-Square 24.600: df 44; p=0.000 V=1 MC 
Length of living time Chi-Square 1 X2=105.285; df=16; =0.000 MC 
Table 6.4.9: Heavy metal in waterways 
6.4.10 River Bank Erosion 
An awareness among respondents on river bank erosion issues is significantly high based on the 
location, age, sex, education, homeownership, occupation and length of living time (Table 
6.4.10). This might be the result of the previous `Love our rivers' campaign. 
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Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square -X7-7-15.294; df 4; =0.003 MC 
Age Chi-Square R7=41.738; df=16; =0.001 MC 
Sex Chi-Square X2=17.199; df=4; =0.001 MC 
Education Chi-S uare X =43.783; df=12" p=0.000 MC 
Homeownership Chi-Square X"=10.614; df=4; p=0.028 MC 
Occupation Chi-Square X =107.978; dß-44; p=0.000 MC 
Length of living Chi-Square X =75.978; df-- 16; p=0.000 MC 
Table 6.4.10: River bank erosion 
6.5 Public Acceptance or Willingness to Participate in Water Related Environmental 
Activities 
At present, public participation in water-based activities is not fully organized by respective 
agencies. This is believed to be caused by the lack of experience in organizing such activities in 
Malaysia (Mohkeri, 2004). In this survey, eight issues on water-related environmental activities 
are listed. They are as follow: 
1. Recycling household waste - Sorting waste according to materials, such as glass, and paper 
for recycling purposes. 
2. Using bio-degradable detergent/washing products - Bio-degradable materials are capable of 
being destroyed by the action of living organisms, heat, light, radiation, oxidation or a 
combination of these factors 
3. Animal droppings (collect and dispose of animal drops in a bin) - Animals dropping from 
pets contain bacteria and nutrients. To prevent the waste from being washed into the drain 
the best way is by collecting the waste and disposing of it in a dustbin. 
4. Organic matter or leaves (using an organic bin - composting) - Organic matter and leaves 
can block drains, which can cause flooding, whilst rotting organic matter pollutes 
waterways with excess nutrients. 
5. Reducing water use activities - Irregular water-based activities, such as car washing and 
irrigating garden plants. 
6. Fertilizers and pesticides - Avoid using fertilizers and pesticides in areas where they could 
be readily washed away into drains. 
7. Water recycling - Recycle used water from the kitchen for gardening and others. 
8. Rainwater tank - Storing and using rainwater. Using rainwater stored in a container for 
washing, gardening and others. 
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6.5.1 Recycling Household Waste 
Recycling household waste among the respondents shows a high significance based on the 
respondents' location, age, gender, education background, homeownership, occupation and 
length of living time (Table 6.5.1). In Malaysia, recycling campaigns have been conducted by 
providing the `3R (Recycle, Reduce, Reuse) bin' concept 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X--52.765; df=4; =0.000 MC 
Age Chi-Square X =43.045; d-16; p=0.000 MC 
Sex Chi-Square X'=14.939; 6 =4; =0.004 MC 
Education Chi-S uare X =62.800; df=12; p=0.000 MC 
Homeownership Chi-Square X =25.773; df=4; p=0.000 MC 
Occupation Chi-Square X2=1 15.775; df=44; p=0.000 MC 
Length of living Chi-Square X"=65.089; df--16; p=0.000 MC 
Table 6.5.1: Recycling household waste 
Recycling household waste is an important activity to be developed as there is an increase in 
waste generation from 5.6 million tons in 1997 to 8.0 million tons in 2000 (Gatke, 2003). Gatke 
(2003) reports low recycling activities despite relatively high rates of awareness of recycling 
(82%), but only very few actually practise it. 
6.5.2 Using Bio-Degradable Detergents 
Table 6.5.2 below presents the results of the Chi-square test on respondents' responses on the 
use of bio-degradable detergents. A high significance shows that factors which influence the 
results are location, age, sex, education, occupation and length of living time. Location and 
length of living time could well influence respondents' decision because there is limited 
availability of bio-degradable based products in certain places in Malaysia. Age and gender 
appear to be almost related because washing products are usually provided by an older person in 
the household. Education and occupation seem related to the respondents' knowledge and 
information that they receive about bio-degradable-based products. 
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Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =16.536; df=4; p=0.002 MC 
Age Chi-Square X =37.583; df 16; =0.002 MC 
Sex Chi-Square X"= 16.115; df=4; p=0.003 MC 
Education Chi-Square X =56.535; df=12; =0.000 MC 
Occupation Chi-Square X =82.968; df=44; =0.001 MC 
Length of living time Chi-Square X2=42.218; df=16; =0.000 MC 
Table 6.5.2: Chi-square test on respondents' responses on the use of bio-degradable detergents or 
washing products 
6.5.3 Managing Animal Droppings 
The results of the Chi-square test show that there is a high significance of respondents' 
feedbacks based on location, education, occupation and length of living time (Table 6.5.3). 
However, there is also a small significance on the age factor based on responses to managing 
animal droppings. 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =32.739; df=4; p=0.000 MC 
Age Chi-Square X'=26.858; df=16; =0.043 MC 
Education Chi-Square X"=35.604; 0=12; =0.000 MC 
Occupation Chi-Square X7=87.513; dß-44; =0.000 MC 
Length of living Chi-Square X z=64.325; df=16; p=0.000 MC 
Table 6.5.3: Chi-square test on respondents' responses to managing animal droppings 
6.5.4 Using Organic Bins for Organic Matters or Leaves 
The responses on using organic bins for organic matters or leaves show a high significance 
based on location, age, gender, education, homeownership, occupation and length of living time 
(Table 6.5.4). Guidelines on managing organic matter were given in the MSMA, but there is 
still no source of information provided to the public on managing their bins. 
Variables Test Result 
Exact Significance =E 
Monte Carlo = MC 
Location Chi-Square X =52.765; df=4; =0.000 MC 
Ae Chi-Square X=43.045; df 16; =0.000 MC 
Sex Chi-Square X"=14.939; df=4; p=0.004 MC 
Education Chi-Square 2.800; df=12; =0.000 MC 
Homeownership Chi-Square X =25.773; df=4; =0.000 MC 
Occupation Chi-Square X =1.15.775; dß-44; =0.000 MC 
Length of living time Chi-Square X2=65.089; df=16; p=0.000 MC 
Table 6.5.4: Chi-square test on respondents' responses on managing organic matter 
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6.5.5 Reducing Water-Based Activities 
Age, gender, education, occupation and length of living time arc significant factors in 
respondents' feedback based on the issue of reducing water activities (Table 6.5.5). The 
individual time spent at home, daily activities and the knowledge or information gained 
regarding water issues vary based on the factors as presented in Table 6.5.5. 
Variables Test Result 
Exact Significance -E 
Monte Carlo - MC 
Age Chi-Square X=80.707; df=16 0.000 MC 
Sex Chi-Square X =17.262" df=4; =0.001 MC 
Education Chi-Square X"=22.858; df-12 0.026 MC 
Occupation Chi-Square X =112.193" df=44" -0.000 MC 
_Length 
of living time Chi-Square X7=76.876; df=16" -0.000 MC 
Table 6.5.5: Chi-square test on respondents' responses on reducing water use activities 
6.5.6 Fertilizers and Pesticides 
Gardening involves the use of fertilizers and pesticides. Based on the significance test, 
responses received are high based on the respondents' location, age, sex, education, occupation 
and length of living time (Table 6.5.6). 
Variables Test Result 
Exact Significance -E Monte Carlo - MC 
Location Chi-Square X'=28.340; df=4; =0.000 MC 
Age Chi-Square X =38.733; df=16; -0.001 MC 
Sex Chi-Square X =10.413; df=4; =0.034 MC 
Education Chi-Square X2=69.210; df=12; -0.000 MC 
Occupation Chi-Square X'= 13 8.712; df=44; -0.000 MC 
Length of living time Chi-Square X=60.032; df=16; =0.000 MC 
fable 6.5.6: Chi-square test on respondents' responses on reducing the use of fertilizers and pestictues 
6.5.7 Water Recycling 
The result shows high significance in the respondents' responses based on their age, sex, 
education, and length of living time (Table 6.5.7). The information and knowledge issues are 
believed to have influenced these factors. 
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Variables Test Result 
Exact Significance -E 
Monte Carlo - MC 
Age Chi-Square X2-27.981; df=16 0.029 MC 
Sex Chi-Square X2-25.376; df-4" p-0.000 MC 
Education Chi-Square X I-62.800; df=12 0.000 MC 
Occupation Chi-Square X 120.739" df 44 0.000 MC 
Length of living time Chi-Square X =58.221 " dff 16 0.000 MC 
Table 6.5.7: Chi-square test on respondents' responses on water recyciing 
6.5.8 Rain Harvesting 
Responses on rainwater harvesting are highly significant based on their location, age, gender, 
education, homeownership, occupation and length of living time (Table 6.5.8). 
Variables Test Result 
Exact Significance -E 
Monte Carlo - MC 
Location Chi-Square X =45.813; df=4; 0.000 MC 
Age Chi-Square X2=47.025; df-16; p=0.000 MC 
Sex Chi-Square X, 1=29.100; df=4; -0.000 MC 
Education Chi-Square X =81.308; df-12 =0.000 MC 
Homeownership Chi-Square -X7-==1'9.075; df=4; -0.000 MC 
Occupation Chi-Square X =118.905; df=44; =0.000 MC 
Length of living time Chi-Square X2=101.318; df=16; =0.000 MC 
Table 6.5.8: Chi-square test on respondents' responses on rain narves[ung 
6.6 Drainage Improvement 
Responding to the needs of drainage improvement, the test shows that there is a high 
significance based on the respondents' location, gender, education, homeownership, occupation 
and length of living time (Table 6.6.1). 
Variables Test Result 
Exact Significance -E 
Monte Carlos MC 
Location Chi-Square %'-26.482; dgl; -0.000 
Sex Chi-Square X=4.296; dFl =0.038 
Education Chi-Square X2=21.946; df=3; -0.000 MC 
Homeownership Chi-Square -P=7.084; df=l" =0.008 
Occupation Chi-Square X=49.513" dgl l; =0.000 MC 
Length of living time Chi-Square X =18.454; df 4; =0.001 MC 
Table 6.6.1: Chi-square test on respondents' responses on drainage improvement 
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6.7 Respondents' Responses to Drainage Issues 
In order to obtain respondents' feedbacks on their current housing areas and drainage systems, 
focus group interviews were conducted. There were forty people from Jß and Putrajaya who 
participated in four different focus group sessions. 
Feedbacks received from the focus group on their current drainage systems and housing areas 
vary, and seem to be influenced mostly by their experiences. Though the survey result shows 
that 44% of the respondents agreed that the drainage systems in the housing areas are in 
manageable conditions and do not need any improvement, 66% of the respondents agreed that 
their current drainage systems need improvement. 
6.8 Respondent's Feedbacks On their Current Housing Areas and Drainage Systems 
Respondents were asked to give their feedbacks on the current drainage system in their housing 
areas. Responses received from Putrajaya showed a level of satisfaction with the drainage 
systems. However, respondents from JB did express their problems and comments on their 
current drainage systems. 
Based on the focus group session, most of the residents in JB believed that their current 
drainage systems need to be improved in terms of maintenance and design. Not many are aware 
of the drainage systems, and some have put all the responsibility on the local authority. The 
responses received from the JB resident show that they are very disappointed compared to the 
responses from the Putrajaya residents. 
"... The drainage system is very poor. That the drainage has been blocked for 
a few years and the water is stagnant. Some of the residents have canalised 
the drainage for their house renovation. Even worse is when some piled up 
the drainage and this then make the drainage condition worse. The problem 
have caused the rear of my house to be flooded by the overflow coming from 
the drainage system. It really put me in a very bad situation, as the sullage 
water will glow into my kitchen. I always thought that my housing area is a 
very bad example of an urban housing planning. Action should be taken as 
the drainage problems are getting worse from day to day... " 
(ZH, Johor Bahru) 
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"... t am aware of the failure in the drainage construction behind my house. 
The level for the drainage is a bit weird, where the runoff cannot flow 
smoothly and thus create a puddle. This resulted in very bad smell and a 
horrible scene. It has been more than twenty years, but there is no initiative 
to improve the drain. Debris thrown by the neighbours always creates a 
blockage... " 
(IT, Johor Bahru) 
"... The perimeter drains for every unit are very shallow. The drains in front 
of the house are bigger and deep, but the sad thing is that it has no road 
reserve. It is very dangerous because vehicles may accidentally slip into the 
drain... " 
(ZA, Johor Bahru) 
Responses received from the Putrajaya focus group are more positive and satisfying. Most have 
voiced their satisfaction with the support for the drainage systems to be implemented in other 
places too. The drainage system is designed to blend in with the surroundings and it is safe. 
"... I am satisfied with the drainage system in here. We do not face any major 
drainage problems since we moved here... " 
(KA, Putrajaya) 
"... I do not have any problems related to the drainage systems. Within the 
housing area itself, drainage systems are all invisible... " 
(CTC, Putrajaya) 
"... I like the covered drainage approaches here because I can still remember 
during my childhood, I used to accidentally fall into the drain when playing 
with my friends. I am glad now that my kids are brought up in a very safe 
place. There is not much to comment about the drainage system. As far as I 
am concerned, I have not yet faced any problems regarding the drainage 
system... " 
(NH, Putrajaya) 
6.9 Respondents' Daily Water Usage and Their Willingness to Participate in Water- 
Saving Exercises 
Responses on water usage appear to be similar in the two areas. The same goes for the 
willingness to participate or to be involved in any water-saving exercises. The scenario seems to 
be influenced by the information that is received by the public in response to their drainage 
systems. Furthermore, the education system does not supply sufficient information on 
environmental issues, especially on water. 
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The respondents mostly used water for hygienic or other purposes, and only a small amount of 
water is used for cooking and drinking. Activities such as washing cars, watering plants or 
washing for hygienic purposes are among the those conducted by the residents. 
" ... Most of my water usage is 
for planting and housing chores. To be 
specific, I use water mainly for planting and cleaning the house... the best 
ration that I can give is '/4 is for cleaning and planting purposes whilst the 
other'/. is for food and drinking... " 
(ZH, Jß) 
" .. .1 use water 
for bathing and other cleaning purposes, and I wash my car 
twice a week... I think my water usage are 20% for cooking and 80% is for 
other usage... " 
(III, JB) 
" Water is very important in my daily life. I need water for cooking and 
drinking. I also need water for other cleaning purposes such as washing my 
car twice a week, cleaning the fish tank every fortnight, and I also use water 
for watering my plant which I do twice a day, morning and evening. " 
(AA, Putrajaya) 
None of the respondents showed interest in water-saving exercises. Most of them argued that 
the `water-saving' equipment is too expensive compared to the ordinary equipment even though 
the functions are similar. On top of that, they also claim that the water supply rates are still low 
and affordable compared to other expenses, such as household and food. 
" ... 1 do not think that I can afford to provide my 
house with equipment like 
front-loading washing machine which are expensive compared to the upper- 
loading washing machine. Although it saves lots of water, water supply rates 
are cheap. I think collecting rainwater does not seem really practical ... " (RS, J©) 
" ... I am not interested in buying that type of equipment as the one that we have in the house is still in good condition. Furthermore, in the future, if I 
have to replace my equipment, I am not sure that I really know what this 
energy saver equipment is all about... " 
(HI, JB) 
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6.10 Satisfaction with Current Drainage System 
It is important to distribute information on the drainage system to the public as a form of basic 
knowledge for them to understand about their living environment. Kaplan and Kaplan (1982) 
believe that knowledge and understanding could give a tentative conception of the living 
surrounding which will lead to public awareness and satisfaction. 
In the survey, respondents from the two areas were asked to share their experiences of and 
satisfaction with the drainage systems in their living areas. Comments given during the focus 
group session appear to be influenced by their location and drainage systems as well as their 
previous experiences. 
During the focus group sessions, the respondents from JB and Putrajaya were asked about the 
following: 
a. Length of living time in the residential areas and the most significant place in the area that 
they like most. 
" This question allowed them to share their familiarity of the place. As discussed 
earlier in Chapter 1 in section 1.0.1.3, human perceptions may differ from their 
daily experiences. Therefore, the length of living time really does influence 
their opinions regarding their living surroundings. 
b. Descriptions of their current drainage systems in their housing areas. 
" They were asked to comment, give opinion, and share experience and ideas in 
describing the condition of their current drainage systems. 
6.10.1 Satisfaction with the Current Drainage System amongst Johor Bahru (JB) 
Residents 
Responses received from respondents vary from one to the other. Living in the areas for a long 
period have made them feel attached to the surroundings, as mentioned by Kaplan and Kaplan 
(1989). Therefore, some may respond that they feel satisfied and comforted because they are 
used to the conditions (Table 6.10.1). 
Positive feedbacks received during the focus group session focuses more on describing their 
personal feelings for the place, which most of them are attached to and which makes them feel 
comfortable. However, the negative feedbacks about their feelings towards their living areas 
cover various issues. Concerning the impact of urbanization and public attitude, many felt 
uncomfortable and dissatisfied with the current situation in their living areas. Furthermore, 
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comments given seem to more geared towards describing the living surroundings as a whole. 
Nobody mentioned the drainage system directly. The next few questions had to be added to 
allow them to share some experiences of drainage systems in their areas. 
How long have you been living here? And what are the best parts of the residential area that you like 
most? 
Positive feedback 
"... 1 have no comment on the overall surrounding of this housing area. As for me it is comforting, and 
nothing should be changed... " 
(RS, Female, 31 years old) 
"... This area is well planned and all the residents are provided with good facilities. The park from my 
house is within walking distance. It is really a pleasure to have a park for the children to play as our 
lawn is not wide enough for them to play on... " 
(VR, Male, 35 years old) 
"... 1t has been twenty-one years. The housing area is clustered into a small area, which makes it look 
much, organised and not too crowded... " 
(IT, Female, 26 years old) 
"... 1 also feel really satisfied here and nothing should be changed. I have not encountered any problems 
since the first day I stayed here... " 
(HI, Male, 54 years old) 
Negative feedback 
"... I really like living here as the area is very peaceful and the neighbourhood is very friendly. However, 
for the past few years, things have changed slowly as the have been new development nearby. The 
housing area is now stuck in the middle of an urban housing development. It is quite an upsetting change, 
and it will not be comforting after the next few years... " 
(SIi, Female, 56 years old) 
"... 1 don't feel really comfortable staying here but I have no choice. Before this, the location of the 
housing area is at the edge of the town, but, after twenty years, when the nearest area was developed, the 
housing area seems to be stuck in the middle. I feel really uncomfortable with the living surrounding, 
and it is not suitable for those at my age... " 
(ZIi, Female, 58 years old) 
"... Before this, it is just an ordinary housing area situated in a modest urban area. However, now this 
area is situated in the middle of a town, and there is still development within the area. We have to face 
the impact regarding all these developments... " 
(ZA, Female, 32 years old) 
"... The only thing that I am still concerned about is the monsoon drain that flows in the middle of the 
housing area, which during the wet season is full and dangerous... " 
(SS, Female, 32 years old) 
"... There is not much to tell about my housing area. This is because it is situated in the middle of a town 
and is not well maintained. The neighbourhood is not very aware about the drainage system, where some have done house renovations until the system is blocked and does not function at all. It is really upsetting because the conditions have caused problems like bad smell, blockage, stagnant water and overflow of 
sullage... " 
(AA, Female, 21 years old) 
Table 6.10.1: Positive and negative responses regarding living surroundings. 
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Most of the feedback received do not show respondent awareness of the existence of drainage 
systems. Only very few feedbacks were received regarding the drainage systems. This might be 
due to the fact that the respondents have been tolerant of their drainage conditions as they have 
lived there for quite some time. The conventional drainage systems in the housing areas were 
found to be sufficiently maintained (Table 6.10.2). The residents were not exposed to or 
supplied with appropriate information to allow them to understand their roles in ensuring that 
their drainage systems are in good conditions. The responses also show that the female 
respondents are more aware of the condition of the drainage systems compared to the male 
respondents. 
Could you please describe a little bit about the drainage system in your housing area? 
"... The drainage system is very poor. It has been a few years that the drainage has been blocked, and the 
water is stagnant. Some of the residents have canalised the drainage for their house renovation. Even 
worse when some have piled up the drainage and it makes the drainage turn worse. The problem have 
caused the rear of my house to be flooded by the overflow from the drainage system. It really gives me a 
very bad situation, as the sullage water will flow into my kitchen. I always thought that my housing area 
is a very bad example of an urban housing planning. Action should be taken as the drainage problems 
have getting worse from day to day... " 
(Zll, Female, 58 years old) 
"... As I said earlier, the condition of the drainage system in my housing area is very poor. It has been so 
many years since the last time I opened my back door. This is because the smell is very bad and the rear 
of our house has become so damp and water is blocked by the debris. This condition is not very healthy. 
Nothing much can be done by the local authority as it involves a permanent structure from the house 
extension/renovation. I do hope that the responsible organisation can take the issues into their 
consideration as it is getting worse from time to time... " 
(AA, Female, 21 years old) 
"... I also have the same opinion. I know nothing about drainage system. Issues on drainage systems are 
not issues that used to be discussed in our community meeting. However, we always highlighted about the 
cleanliness of our living are, where I think drainage is one of the issues that can be discussed in future. 
Not many people are aware of the drainage system as it is not part of their residential responsibilities. 
Many depend on workers from the local authority... " 
(PTK, Male, 58 years old) 
Table 6.10.2: Responses regarding drainage systems 
6.10.2 Satisfaction on the Current Drainage Systems amongst Putrajaya Residents 
The focus groups respondents from Putrajaya experience a sustainable approach to drainage 
systems (Table 6.10.3). However, most of them have also experienced conventional drainage 
system before they moved to Putrajaya over the past six years. This then allows them to 
compare the current situation with their previous experiences. Therefore, the feedbacks really 
influenced their perception of the current condition of drainage systems. On the other hand, it 
also triggers their awareness of drainage issues. 
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How long have you lived here? And what are the best parts of the residential area that you like most? 
Positive feedbacks 
"... Buying a house here is a big opportunity to me. I do not give any second thought after we were given 
this opportunity. It was almost ten years ago, when they launched their first housing scheme, and I have 
stayed here nearly eight years. I like the green environment here. The planning is really different 
compared to other places. They have everything here; from a nature park to a big shopping complex. I 
enjoy going to the Heritage Park... " 
(Nil, Female, 30 years old) 
... I am proud to be part of the community here. It has a very nice environment and is very 
dffierent to 
the place that I once lived before... " 
(Kui , Female, 22 years old) 
Table 6.10.3: Positive and negative responses regarding living surroundings. 
6.11 Analysis from Drainage Components Images 
The image-projective method has been applied during the focus group session. The respondents 
were shown images of a sustainable pond and ecological swale, and a wetland. The respondents 
were asked to give their comments of the components shown in the images. They were also 
given three images of different drainage models, which are the natural drain, conventional drain 
and Putrajaya main drain. They were then required to give their opinions and comments on the 
models. 
6.11.1 Public Responses to the Three Sustainable Drainage Components 
It is interesting to note that experience can influence people's awareness or concern, and gender 
also contributes to different ideas towards the opinion of those components (Jorgensen, 2005). 
In this study, the respondents from Johor Bahru are more sceptical about the sustainable 
components, compared to the respondents from Putrajaya. This occurred as both areas 
experience different drainage systems; with Putrajaya using a sustainable approach drainage 
system. This gave the residents the opportunity to compare this approach with their previous 
experiences with conventional drainage systems. 
As discussed earlier in the results on gender relations with awareness of drainage issue, female 
respondents comment more and were more aware of drainage system compared to male 
respondents. Female respondents tend to comment not only in terms of comfort, but also on 
safety issues. 
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6.11.1.1 Wetland 
I. 
Figure 6.11.1: Images of wetland components (Source: SUDS ('IRIA) 
Responses received focused more on the safety factors, as the images show (Figure 6.11.1 ) that 
there are no fences or elements that can protect children from having access to the wetland area 
as the distance from the buildings is also limited. However, respondents from Putrajaya also 
shared some of their experiences as Putrajaya also has this component. The responses are 
positive and encouraging since it had been introduced as part of sustainable drainage 
components in Malaysia. 
"... Putrajava is well known for its wetland park. As part o/*the comnu ni1v 
here, I feel that the wetland is a good approach to a good living environment, 
especially since it functions as a recreational park. However, there is a need 
for supervision and maintenance of the park itself. Currently, the park does 
not look very well-maintained Many hardscape elements have been ruined 
due to lack of maintenance and vandalism... " 
(Nil, Putrajaya) 
"... I would like to add a few more comments regarding the weiland in 
Putrajava. I realized that there is a small pocket of mini wetland within the 
residential area. If we looked on the safely aspects, it is sa%, because the 
local authority has taken the responsibility to build fencing around the whole 
area. Therefore, there is no access for the public, especially young children, 
into the wetland area... " 
(I ILA, Putrajaya) 
Responses received from Johor Bahru respondents are more negative as they tried to relate their 
experiences of the components. This resulted in discouraging factors in that the component does 
not seem to be suitable for a residential area. Most of the feedbacks are caused by public 
attitude. 
"... Seriously I do not think that I like the component. It is too open and venv 
dangerous. I think the plants should he mown regularly. It looks like an 
abandoned space... 
(SS, Johor Bahni) 
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"... this is not a good component to he implemented in a housing area. People 
may use this area to dump their waste. Based on my experience, people in ºnv 
neighbourhood have dumped all their waste in a pond next to this housing 
area. The area is real/v disgusting and the smell is very had. It is hard to get 
public participation in taking care of the surrounding. The best war that used 
to he applied here is to appoint a maintenance company to do all they 
cleaning, and the local council pay them... " 
(AA, Johor Bahru) 
"... 1 do not think that it is suitable to he applied within a housing area. It 
may be done far from a residential area like the Wetland Park that they did 
in Putrajava, because it encouraged wildlife, and I am afraid that poisonous 
species like snake will live within the area... " 
(ZA, Johor Bahru) 
6.11.1.2 Pond and Swale 
_4 
5 
Figure 6.11.2: Images oCpond and Swale components (Source: SUDS ('IRIA) 
Responses received on pond and swale components are more encouraging compared to the 
wetland component (Figure 6.11.2). Most of them offered the opinion that these components arc 
much neater compared to the wetland component. However, some do not agree to having an 
open water component as they feel that it is dangerous. 
"... 1 would not encourage having these components in a housing area, as it is 
dangerous for youngsters. Dumping should he another problem to he 
considered... " 
(ZH, Johor Bahru) 
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"... It looks neater compared to the first image. I think It Is dangerous as it 
has no fences. If these components were to be implemented In a housing area, 
it would be better if the water could be maintained clean and clear, because 
it would be nicer and comforting. The most Important thing that I Would like 
to emphasize here is that the depth should be shallow and fences should be 
provided to avoid unexpected accidents. The most Important thing that 1 
would like to stress here is that safety is the main factor to be considered if 
you want to apply any component in a housing scheme... " 
(IT, Johor Bahru) 
On the other hand, there are also those who mentioned the importance of considering a shallow 
pond as it is safer. It is important that the users or residents know their roles and ensure that 
children are not left without supervision in parks or places that have water elements. 
"... Nowadays, we see new housing developments providing a park wtiwlth pond 
like this. However, it is nice to have a component like this, but it should be 
locatedfarfrom the children's playground. If this component is shallow, I do 
not think it would be dangerous because children usually go to the park with 
their parents, and the older children usually know their boundaries, so there 
is nothing to be worried about... " 
(PTK, Johor ßahru) 
The Putrajaya respondents are more positive in responding to this question. Their experiences of 
living within this component has allowed them to voice positive opinions and comments. 
"... The swale components are very good as its edges are soft (grass edges) 
and I don't have to worry that kids may fall into the open drainage systems. 
Sometimes, kids with bicycles may accidentally fall into the drainage system. 
But with the swale component, it is very shallow even we can walk across 
them during dry seasons... " 
(FO, Putrajaya) 
"... it is good to have a pond and Swale component within the landscape. It 
creates a more natural environment. However, any danger can be avoided if 
we took our responsibility to look after the kids and surrounding... " 
(NII, Putrajaya) 
6.11.2 Public Responses to the Three Drainage Models 
Images of the three drainage models were shown to the respondents. Various opinions and 
comments were highlighted. Most of the respondents seem to prefer to have closed drainage 
systems. 
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6.11.2.1 Model 1- Natural Drain 
Figure 6.11,3: Image ofnatural drain (SO LII. e. IR,. rarchrr tile) 
The image of this natural swale was taken in the Johor Bahru area, where the swalc flows in 
between housing schemes and a traditional village (Figure 6.1 1.3). The respondents do not seem 
to like having this drainage system within a housing area. It is not believed to be suitable as it 
cannot cope with the amount of water flowing from nearby housing schemes. There is also a 
suggestion to deepen and widen the swale. 
"... 11 would be better if this natural swale edges had been cleared to avoid 
people from falling into the Swale because the shrubs have covered the edges 
and it is dangerous. This Swale also does not seem able to cater to the 
amount of water runoff. Thus it would he better if it could he deepened. /f this 
is allowed it may cause flooding to the nearby residential areas... " 
(SH, Johor Bahru) 
"... If this natural Swale would like to he retained in an urban area it would 
be nice because it would enhance the natural scene of this area. However, 
the respected authority should control the development within a certain 
distance from the swale edges... " 
(ZA, Johor Bahru) 
"... 1 also think that the natural swale is no longer suited to remain due to its 
natural flow. In an urban area, the drainage runoff is high and there is a 
need fbbr a drainage system, which could . 
/low water as fast as possible to 
avoid problems like flash flood. Furthermore, the concrete channel is much 
easier to be maintained... " 
(VR, Johor ßahru) 
The Putrajaya respondents highlighted the same issues as the Johor Bahru respondents, with 
emphasis on safety factors. 
"... The images shows that the drainage models cannot afford to cater to the 
sufficient amount of water during wet season. It seems verv dangerous as it is 
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too near the residential area. Furthermore, the . surronncliniº 
did not look 
well-attended and less seem convenient. It is better ii tht' drainage model 
could he improved... " 
(MM. I'utrajayal 
Feedbacks received shows that the public are concerned about the quality of maintenance that 
need to improve the drainage system showed in the images of Model 1. Issues raised were on 
safety and aesthetic factors in setting a good urban image. In 'Era Hijau' (Green Era), a 
quarterly magazine published by the DOE issues on the impact from 'the river were a public 
owned areas' were raised (Fathahi, 2007). It is difficult to maintain the river from being 
polluted as the areas do not belong to anybody. Therefore, since the sense of ownership is 
lesser, it is harder to bring all individuals together to play their parts in maintaining the rivers. 
6.11.2.2 Model 2- Conventional Drain 
Figure 6.11.4: Image of conventional drain (Source: Researcher file) 
This model is of a conventional drainage system used in housing areas (Figure 6.11.4). 
Comments received emphasized the maintenance and safety factors. Many preferred this 
drainage system as it has fences. However, their experiences of living in surroundings which 
provide this drainage system could have influenced their opinions. 
"... This model seems alright to me because this is a current svstem that we 
have within our living area. However, from the picture, the model should he 
maintained frequently and the damage fences should be replaced for safety 
reasons... " 
(SH, Johor Bahru) 
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"... This model is better than the, first model. 11 is much proper cnul safer. I do 
think that this is a suitable drainage syStc'm in a housing scheme as 
implemented currenth' here... " 
(RS, Johor t3ahru 
"... This is the typical drainage system currently applied in an urban housin&' 
scheme. I think it is too rigid and does not blend in with the landscape 
naturally. Furthermore, it is too wide open, which is yerv dangerous for 
children without assistants... " 
(ZA, Johor Bahru) 
Responses received from the Putrajaya focus group are very interesting. Their comments and 
opinions are based on their previous experiences with conventional drainage systems and their 
current experiences with sustainable drainage systems. 
"... Before I moved to Putrajava, I lived in a housing scheme that is provided 
with this similar drainage model. Based on my experience. I think this model 
is not suitable. for a residential area because it is exposed to any eve-catching 
element (debris), which is bad. for living surroundings. The responsible 
authority should tt ' to improve it by providing a closed drainage system... " 
(CTC, Putrajaya) 
"... The model looked very annoying as it does not seem to he well- 
maintained very well. It is not suitable an to he implemented in a 
residential area. They should try to implement a closed drainage model. This 
drainage model seem very rigid and does not blend very well with the 
surrounding... " 
(KA, Puirajava) 
6.11.2.3 Model 3- Putrajaya Main Drain 
Figure (, 1I Inýa,, ý \I"iun Drain (Smit(r Krsr; uliri tile) 
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Respondents voiced different opinions and perceptions of this drainage model (Figure 6.11.5). 
Positive opinions received related to the design, which blended very well with the housing 
scheme. However, comments were also received regarding the width, which is believed to be 
excessive and dangerous. 
"... The drainage edges are too steep and dangerous because there might be 
a risk to unassisted children who could fall down into the stream. However, it 
looks more attractive compared to the current drainage model. Although it is 
a drainage system, it is designed to blend into the housing landscape very 
well... " 
(IT, Johor Bahru) 
"... The model is different compared to the current system drainage model 
that is applied in my housing scheme. It is more attractive and blends very 
well with the surrounding landscape. Furthermore, it does not look very rigid 
like the current system. However, I still think that the edges are too steep and 
dangerous... " 
(SEI, Johor Bahru) 
Some of the Putrajaya respondents shared the same opinion on this model; saying it is too wide 
and steep. However, they believed it is a good attempt towards a new drainage approach. 
"... It might be shallow if the drainage model are more wider but more space 
needs to be reserved for drainage purposes. However, I like the attempt of 
putting stones in the drainage system within the water flows; it look like a 
rock garden... " 
(IIK., Putrajaya) 
"... it is dangerous as it is located quite near to a residential area and the 
main road too. Cars might accidentally bump into the drainage system. I 
prefer if the authority can provide a closed drainage instead this big and 
wide drainage system... " 
(SR, Putrajaya) 
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6.12 Discussion 
The sub-topics were outlined based on the survey questions and research objectives. It discussed 
the idea of having a sustainable drainage system and its impact on the public. 
"... The Malaysian government is taking the wrong approach to solving the 
country's water woes. It is investing some R11160 billion ($16 billion) for 
more dams and pipelines, while nothing is done to preserve the vital 
catchment areas that are the sources of our water. Twenty-three of the 27 
drinking water sources in Selangor are heavily polluted with industrial and 
animal waste, heavy metal and sewage. The individual consumer is blamed 
for water wastage - 36 percent of the total in 2000 - although the biggest 
users are industry, golf courses, hotels and agriculture... " 
(Friends of the Earth International, 
http: //www. foei. org/publications/link/watcr/12. html, (24/10/2005)) 
6.12.1 Problems Associated with the Current Drainage Systems 
Based on the survey results, the highest potential current drainage problems arc mosquitoes, 
littering and bad smells. In general, the climatic factors had the greatest influence on the issues 
of mosquitoes. However, the public is responsible for preventing mosquitoes from breeding. 
Unattended puddles may become the potential place for breeding mosquitoes. 
Littering is not only bad for the surrounding environment but it is also one of the factors which 
causes drain blockage. Blockage not only produces bad smells due to the debris and domestic 
waste but it also causes inconvenience for living activities, such as recreation, sports and 
leisure. 
Blockages of drainages are mostly caused by littering or poor maintenance. It can also result in 
stagnant water and spilt drainage run-off. These arc the problems that have been identified as 
medium-ranking problems. 
Flash floods are currently considered as a major threat in the city. Urban development processes 
have led to the issue of insufficient drainage capacity. These problems have caused run-off to be 
spilt which ends up as flash floods especially during peak rainy seasons. 
It is interesting to note that urban development is something that is hard to resist. Selman (2004) 
explain that human modification or development in landscape is a universal phenomenon. 
Therefore, it is important that development activities and urban environment must be controlled 
by proper regulations. With regards to water and drainage issues in Malaysia, an "Integrated 
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Water Resources Management" (IWRM) has been formed to plan the water management and 
water resources based on the "Best Available Techniques" (BAT) and "Best Environment 
Practices" (BEP) (Loh et. at., 1999). Other than that, the government and DID have also 
enforced MSMA as guidelines for new sustainable drainage systems. Despite good attempts 
made in the regulation and management, there is a need for community or public contributions 
and cooperation to ensure it can support all the objectives. 
Public participation and their involvement in supporting MSMA arc very important. Involving 
the public means support from various stakeholders, which may include professional bodies and 
organizations who share the same interests. According to Selman (2004), there is benefit for 
having various stakeholders together with the public participating in environmental activities, 
especially those related to water and drainage issues. . 
"... The benefits of participatory management in land care are now well 
publicized - sharing responsibility, negotiating benefits, incorporating a 
wide corpus of lay and professional knowledge, enhancing capacity for 
implementation, increasing trust between stakeholders, reducing the 
deadweight of enforcement, improving understanding and awareness, 
facilitating policy integration and increasing public commitment... " 
(Selman, 2004; 366) 
In Malaysia, attempts have been made to encourage participation from various parties. 
Realizing the importance of water - the resources of which 90% originates from 
densely 
covered forest areas, and the threat from development and environmental mismanagement - an 
integrated river basin management approach has been outlined (Ramadasan et at., 2004). A 
number of aspects have been taken into consideration as provisions that need to be established 
to ensure non-destructive human activities would not affect the river basins. These include 
`improving database information, information availability and exchange', `legislation and 
enforcement' and `public involvement in resource use, planning and management'. 
Issues related to information availability and access arc very important. Surveys conducted by 
Sidek (2004) on `An assessment of stormwater management practices using MSMA manual in 
Malaysia' indicate that there is not enough information distributed. The main obstacle to the 
implementation of MSMA is lack of public participation (Sidck, 2004). There is a need for good 
information distribution amongst the public and professionals as the results from the survey 
show 21% of the respondents arc still not aware of MSMA. Responses received during the 
interview session also show lack of understanding of basic drainage systems. I lowever, positive 
interest has been shown to images of SUDS components, which were expected to be an 
improvement on the current drainage systems. Respondents from Putrajaya showed satisfactions 
with the drainage systems provided for them. It would be better if the residents were provided 
167 
with knowledge in terms of SUDS drainage system and clean water issues as they will further 
understand their roles to ensure that the drainage system will be well maintained and in good 
condition. Nordin (1999), in his study on the attitudes, knowledge and practices of residents in 
the Juru River basin, shows that 74% of the residents did not know that the Juru River was one 
of the four most polluted rivers in Malaysia. This scenario is very upsetting as 23.3% of the 
feedbacks received admitted that they were responsible for throwing their domestic wastes into 
the rivers. Indeed, 96.6% of them mentioned that it was the most convenient place to throw their 
waste (Nordin, 1999). 
MSMA has been seen as an approach which shows the government being one step forward in 
involving legislation and enforcement to ensure the quality of water and also to manage more 
sustainable drainage systems. . 
However, information distributed to the public is not sufficient or 
accessible. The results of this survey show that public awareness is very poor, and the 
willingness to participate in activities related to environmental and water issues is not 
encouraging as shown in section 6.9. It is thus important to provide updated and accessible 
information as it may help to improve or educate the public on the environment and, most 
importantly, about drainage systems. Public participation is indeed very important. however, to 
get public involvement is very difficult especially if it involved personal commitment 
(Apostolaski et al., 2001). There is a need for a proper education plan which will raise public 
awareness on water quality issues and problems, and allow messages or information to reach 
everybody in the proper way. 
Public participation in activities or campaigns related to `control-at-source' management is not 
encouraging. Mohkeri (2004) explains that Malaysians still lack experience in organizing or 
conducting such activities. The cleanliness of our drinking water and living surroundings 
depends on natural ecosystems (Mi Ilua, 2001). Although MSMA manual Volume 14 (2000) 
outline eight daily activities that could be controlled in order to reduce possible pollution 
sources from affecting the downstream, less than half (43%) of the respondents recycling 
household wastes. However, 58% arc still not practising recycling and claim that they need 
further information on the activities. The respective organizations and local authorities have 
indeed provided recycling bin centres but no many can really understand how to manage their 
bins at home. Mi Hua (2001) highlights that human well-being can be improved by managing 
the waste and style of living, and China has taken steps to encourage their society to practise 
recycling. 
Improper development and drainage planning layout and strategy may cause accident cases. 
There arc a few alternatives which have been suggested to be practised by the professionals and 
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public in the MSMA manual to ensure that the attempt to introduce the sustainable drainage 
system within Malaysian living areas is successful. 
In MSMA Volume 14 (2000), it listed eight issues on daily activities that the community can 
help to control through their daily practices. They arc as follows: 
1. Bin it securely (Recycling waste management) 
The government has made an attempt to introduce a recycling campaign in 1993, but did not 
receive good receptions from the public. However, this attemp is looked upon as a starting point 
in introducing recycling in Malaysia after revising the advantages and disadvantages of the 
earlier campaign, the results of which are not encouraging: 
"Recycling programs are currently (2002) still at an initial stage and based on 
communal collection with centralized recycling stations. With only 0.25% of 
the household waste recycled, recycling plays an insignificant role in the waste 
system. However, resources are meant to be spent in order to achieve a 
recycling rate in the range of 20% by 2020. " 
(Forti and Hansen, 2003; 107) 
The recycling campaign has been integrated into the school education system, as it can be found 
through the Internet, and WebPages produced by students reporting on the recycling campaigns 
that they have carried out. As reported in a local newspaper, the recycling campaign was 
launched to highlight indeed, environmental issues and waste disposal problems (Marian Metro, 
8th January 2005), the younger generation has more exposure to recycling activities. Therefore, 
it would be better to provide an educational campaign for the school-leaver group as the survey 
result shows a very high significance in the relationship with their willingness to participate in 
recycling activities. The distribution of recycling information and knowledge should be fair in 
order to allow good responses in the partnership towards recycling community. 
It is important to have proper waste management to avoid solid wastes or biological wastes 
from being dumped into the water systems. Problems of drainage blockage due to debris issues 
can be sorted out if wastes from the household are managed efficiently. The survey result shows 
that only 42% of the respondents practise recycling, whilst 58% did not practise it and need 
more information. It shows that the information on recycling is not well distributed. Therefore, 
are those practising recycling doing it in the correct way? 
It would be better if there was a committee that can conduct and supervise recycling campaigns, 
methods and techniques to ensure that the recycling objectives arc achieved. Lessons on 
recycling techniques can be adopted from the West. There arc very good recycling practices that 
have been used, such as recycling shopping bags or carriers, using recycling products (for 
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example, using degradable plastic carriers), and recycling household items (such as conducting 
carboot sales or selling through online auction). Recycling-based activities can be adapted to 
suit the needs of the Malaysian public. 
2. Animal droppings 
In 1998, the outbreak of the "Nipah" virus in Malaysia killed one hundred and rive people. This 
virus is associated with pigs and pork that can cause death and illnesses to humans. The 
outbreaks severely affected both public health and the trade of animal and meat products in 
these areas. The Sabah state government thus devised the 'Livestock Farming Rules 2000' as a 
mitigation procedure to reduce the environmental issues caused by the livestock farming. 
However, the important issues and challenges with regard to regulation and guidelines that they 
have to face are public awareness and implementation of the regulation; the willingness of the 
farmers to adopt new technology, high capital investment and repair; and maintenance of the 
treatment plant. 
Animal droppings management is very important as it is reported that thirty-three rivers have 
been polluted by the amonical nitrogen gas from animal farming and domestic wastes (Zakaria 
et al., 2004). However, this issue does not point only to livestock farming but it should be the 
responsibility of pet owners too. However, there is no information or material distributed on 
these issues aimed at individuals with pets. The respective agencies then should start to 
introduce proper pet waste disposal management. 
In Malaysia, a pet's owner is not restricted to any regulation. Cats and dogs arc pets usually 
owned by pet lovers. However, due to a lack of control regulation, amount of pets owned by 
some individuals are too many. These pets arc not caged because, for the examples some dogs, 
also act as guard dogs. Therefore, the animals arc mostly left to roam free outside of the 
owners' compounds. This has caused difficulties on controlling animal droppings. 
The survey shows that only 32% practise animal dropping collection. It is an upsetting scenario 
that 68% do not participate in proper animal dropping management. However, from the study 
conducted there is no information gained regarding this practice. Most of the information 
obtained emphasizes livestock farming management. Therefore the respective authorities should 
also involve the public in this campaign. It seems that without proper information, the public is 
not aware of the impact of their pets' wastes on water quality. 
3. Waste management, painting clean-up, car-wash and changing motor oil 
The issues raised are related to the waste management system applied in Malaysia. People use 
various types of products in 
. 
their daily life, such as adhesive, perfume, paint, batteries and 
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others. Without realizing that these products contribute to hazardous wastes in the environment. 
Many people are not aware that household products can also be categorised as hazardous 
wastes. This is where sufficient information should be emphasized and distributed to ensure that 
people will play their role in managing household wastes. According to (iatke (2003). there is 
no specific definition or classification of household wastes and all wastes (including organic 
and hazardous household waste, garden waste, and light commercial waste) are collected by 
compactor-lorries. 
Paint from painting activities, detergent from washing materials and oil or grease contain 
chemical materials. Without proper management, it can result in contamination in water 
systems. Only Putrajaya has been designed with a proper place with activities based on oil and 
grease, such as repair workshops, car wash areas and others. In other places, these kinds of 
material-based activities are still not properly planned or controlled. Other than that, places, 
such as food courts which generate organic wastes, should be given more attention as there are 
many stall types in food courts still implemented in Malaysia. A proper and sufticicnt disposal 
collection point should then be provided (Figure 6.12.1). 
Figure 6.12.1: Waste from food stalls are dumped into the drainage systems (Source: DID wcbpage) 
In general, waste management is becoming important in Malaysia as the generating of waste is 
growing from time to time. Waste generation increased to 9.0 million tons in 2000 compared to 
5.6 million tones in 1997. This means there is an increment of 2.4% in three years (Gatkc, 2003; 
and Hamid et al., 2003) (Figure 6.12.2). 
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(Source: Malaysia DOE wcbpage). 
4. Fertilizer and pesticides 
The use of fertilizers and pesticides is still uncontrolled. Many people are still using chemical- 
based fertilizers and pesticides, which really need to be assessed in controlling the amount of 
use, compared to organic-based products. This may occur due to lack of intl rmation distributed 
by the respective authorities regarding the impact of chemical-based products. The survey 
shows that only 40% are willing to reduce the use of pesticides and fertilizers whilst 60% are 
still not willing and need further information. 
5. Landscaping and construction 
Maintenance is needed in landscaping activities. However, good maintenance management is 
very important. Without good management, proper training and practices, it can worsen the 
situation. Dr. Wan Nor Azazi of REDAC, USM, shares his experience on the Bio-Ecods 
implementation in USM during the interview session: 
"... The only thing that I would like to highlight here is that, when we have a BIO- 
Ecods system, the grass-cutting should he monitored, or a new guideline should 
be regulated for it. This is based, from the experience that we faced here in USM, 
where the waste from thegrass-cutting should he collected and disposed of 
immediately, but was not being done... " 
(Dr. Wan Nor Azazi, REDAC, USM) 
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6.12.2 Awareness of Drainage-Related Environmental Problems 
Awareness of drainage-related environment issues is growing but it needs good collaboration 
amongst the stakeholders who have the same interests, the capability to provide skills and 
knowledge (by contributing and sharing), and are willing to invest any needed resources 
(Borrini"Feyerabend, 1999; and Selman, 2004). This survey shows that the public in Malaysia is 
less involved with environment-related activities, especially drainage issues. It is important to 
quote from Selman (2004): 
"... it is often difficult for communities to become involved in very ambitious 
landscape-scale plans, 'landscape features' can be quite specific, making it 
more practicable for groups to take responsibility for custodianship... " 
(Sclman, 2004; 378) 
In Malaysia, there are non-governmental organizations (NGO), which are involved in 
environmental issues, such as the Malaysian Nature Society (MNS), and the Penang 
Consumer Association (CAP). However, there is limited involvement between the NGOs 
themselves on this issue as there are certain barriers that restrain them from being more 
involved. 
Various mediums have been used to distribute information related to the issues. However, 
the limitation of the services and facilities capabilities have restrained information from 
being distributed. These sources should be used as a knowledge distribution method and 
should not only be limited in the form of multimedia technologies but should also be 
organised in activities that can attract the public to be involved together with other 
stakeholders. Although efforts, such as the DID approach involving school children can 
be seen with the activities based on the `Love Our Rivers' campaign, the adult group 
should also be involved to ensure that knowledge of environmental issues, especially 
those related to drainage systems, is also given to the community. 
Based on findings in Kaplan, ct. al. (1998), Nasscaur (1997) and Jorgensen (2004), it is 
best to conclude that public participation, awareness and opinion arc generally influenced 
by their experience and familiarity with the areas they are involved in or live in. The 
familiarity of the individual with their living space allows them to identify their sense of 
comfort. A higher level of comfort will make them feel satisfied with their living 
environment but a lower level of comfort will make them aware of the factors that cause 
their discomfort (Figure 6.12.3). 
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EXPERIENCE + FAMILIARITY* = COMFORTNESS 
+VE COMFORTNESS = LEAD TO SATISFACTION 
-VE COMFORTNESS = DISATISFACTION 
= INCREASE LEVEL OFAWARENESS 
*Note: 
Familiarity may also influence individual towards surviving factors, 
where the factors may in turn be caused by demographic factors, such as 
household income. 
Figure 6.12.3: Relationship that influence public awareness based on their experience and familiarity of 
their living surroundings. 
6.13 Conclusion of Public Survey 
Involving the public in the planning and management of drainage issues is difficult as it 
involves a wide range of expertise and knowledge. There is no specific or ideal solution to 
integrating public participation as a wider range of commitment and belonging is needed 
(Selman, 2004). However, being a part of the process could trigger and develop public interest 
in drainage related issues and they may individually contribute their roles especially starting 
from managing water use in their own households or premises. Although it seems the first step 
might look very basic, it will be a greater help in controlling the problems `at-source' if it does 
involve the whole community. 
The obstacle to sustainable approaches is that the public arc not aware that they are part of the 
contributors as highlighted in the Local Agenda 21. The public should be involved in making 
decision. However, without proper understanding and knowledge, it is difficult to get them to 
participate in any development processes. Many attempts have been made by the government to 
support sustainable development approaches. A good strategy by the government in distributing 
information and knowledge, would be appreciated by the public. Understanding is the key 
requirement for the public to accept any actions taken, especially those related to environmental 
issues. 
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Chapter 7 
Analysis and results of Professional Survey 
7.0 Survey Analysis from the Professional Respondents 
The questionnaire for the professional group involved in the construction industry was 
distributed during the Rivers'04 Conference in Malaysia. Only thirty-six replies were received 
from one hundred and twelve participants. The data was then analysed using the SPSS software. 
The output from the data gathered was used to get the frequencies of all the responses based on 
the questions in the survey form. Frequency is the only method used as it would help the 
researcher to discover the objectives of the professionals' knowledge and willingness to apply 
SUDS. 
7.1 Questionnaire Responses 
Based on the total of thirty-six professional responses from the professional group, replies from 
the female respondents were much higher (64%) compared to the male professional respondents 
(36%) (Chart 7.1.1). The feedback was distributed according the respondents job title; with six 
groups of different occupations listed. The professional respondents who answered the survey 
were developers (36%), engineers (25%), architects (17%), landscape architects and town 
planners (8%), and surveyors (6%) (Chart 7.1.2). 
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Chart 7.1.3 shows the distribution of' the respondents' working experiences. Most of the 
respondents had worked between three to five years in the construction industry ( 33%) while 
25% had more than eleven years' experience. Respondents who had experiences hclý%ccn six to 
ten years are 22% and 19% of the respondents had worked less than two years. 
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Chart 7.1.3: Professional respondents based on working experience distribution 
The respondents were also requested to verify their working impacts that are related to drainage 
systems. Five scope of work was identified as reflecting these professionals. Based on 
information presented in Chart 7.1.4 below, the distribution of respondents according to their 
scope of work are designing and identifying the usability of' the drain (43%), managing 
residential development (20%), research and development (I7%), involved in road and drainage 
construction (13%), and involve in cost evaluation in development projects including drainage 
systems (7%). 
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Chart 7.1.4: Professional respondents based on the scope of work distribution 
7.2 Interview Session with the Professional Respondents 
Groups of professionals from different areas of expertise were interviewed to obtain further 
opinions on MSMA and SUDS (Table 7.2.1). The professional respondents were then divided 
into four groups of expertise or professions; engineers, landscape architects, planners, 
developers and architects. 
Engineers Landscape architects 
JB Local Authority (Engineer) (Engineer I) SJA Putrajaya (Landscape Architect I 
DID (Engineer/Hydrologist) (Engineer 2) NY (Landscape Architect 2) 
REDAC (River Engineer) (Engineer 3) NS (Landscape Architect 3) 
Putrajaya Local Authority (Engineering and Hydrology 
Department) (Engineer 4) 
Paremba Group (Engineer 5) 
Site Engineer (Engineer 6 
Architects Planners/Developer 
MS (Architect I) LY (Planner / Developer I (PD I)) 
ZS (Architect 2) NMI (Planner / Developer 2 (PD2)) 
RI (Architect 3 
Table 7.2.1: List of professionals participating in the interview session 
7.2.1 Awareness and Understanding of SUDS Application in some Western Countries 
In Malaysia, SUDS was first implemented in Putrajaya in 1997. In 1998, REDAC from USM 
collaborated with DID to implement Bio-Ecods in the USM campus. MSMA was implemented 
by DID in 200las a step towards a new sustainable drainage approach in Malaysia. All 
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development approvals dated January 2001 onwards arc required to use MSMA as a referral for 
drainage system. During the interview, the professional respondents were asked about their 
understanding and awareness of SUDS application in some western countries, which could be a 
good precedence for them at the early stage of MSMA implementation. According to some of 
the professionals, they had been supplied with information on SUDS, but it is based on the 
government or the company management team incentives. The government bodies and private 
organisations had sent their staff to study SUDS projects in other countries such as Australia, 
United State of America and United Kingdom. In general, the government and organisations 
involved directly with the application of SUDS in Malaysia have been exposed to information 
and examples of SUDS as practised in Western countries. They are then be responsible for 
distributing and supplying the professionals and local authorities with sufficient information on 
SUDS. 
"... Some of the top management have been send to Australia, and they have 
conducted a seminars to introduce its to SUDS... " 
Engineer 1, JB 
"... I had the opportunity to visit a Bio-Ecods site in Sydney Olympic Stadium in 
Australia, and the system was very good there... " 
Enginccr 3, REDAC 
7.2.2 Knowledge of and Opinions on the Main Components of SUDS 
In looking again at feedbacks, SUDS has not been used much except at Putrajaya and the Bio- 
Ecods in USM. At the local authority level, the executers still lacked understanding of SUDS or 
MSMA application. In an interview with a senior engineer in Jß, he mentioned that they still 
use the techniques of canalising but he was actually referring to the MSMA requirement. This 
seem to contradict SUDS approaches. lie also commented that the implementation of MSMA 
does not help very much in flash flood issues. 
"... in some certain areas, we still use a concrete drain canal to solve a flash 
food problems... " 
Engineer 1, JB 
"... I am not familiar with MS AM or SUDS. I have only been involved with 
building perimeter drain; the rest of the drainage system was built by the 
engineering consultant ... 
" 
MS, Architect 1, 
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"... 1 am currently involved with a SUDS project. However, I am not quite 
familiar with it as it is very new to me... " 
LY, PD 1, 
"... I think SUDS is a very good approach. My experience with the Putrajaya 
project has shown lots of advantages and it could also help to improve the water 
quality... 
Engineer 5, 
It is disheartening to note that some of the professionals do not show any awareness or 
knowledge of SUDS whereas, they are responsible for the application of drainage systems. On 
the other hand, comments from the architects show how most of them provide the design only 
up to the perimeter drain stage, and then leave the rest to the responsible consultant engineer. In 
order 'to ensure that the professionals would produce good design and planning for the 
community, especially in residential developments, it is better then for them to improve their 
knowledge of SUDS. 
Furthermore, not much feedback shows an understanding or awareness level amongst the 
professionals except those who have been connected with DID or have an interest in research on 
SUDS. The professionals who were involved directly with site works are better informed 
compared to those based in the office. However, the engineer involved in the USM campus 
project had shared his experiences on SUDS. According to him, it is difficult to supervise 
contractors because they have very little understanding of SUDS and were not trained for the 
construction of SUDS. 
On the other hand, the developers have the opposite opinions of SUDS. This findings arose 
when they referred to how much SUDS would cost in terms of land use. They claimed that it is 
difficult for them to bear the cost as conventional drainage would save them more land use and 
money. 
"... to answer your question, I need to know whether this system will require an 
extra land area. If the answer is yes then it would not be an advantage on our 
part... " 
NMI, PD 2, 
"... 1 do have difficulties to supervise all the fourteen sub-contractors in the 
project because they do not have any exposure on SUDS... " 
Engineer 6, Site Engineer 
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7.2.3 The Idea of Sustainable Approach to Urban Drainage System in Residential Areas 
A residential area developed before 2001 is provided with a conventional drainage system. As 
discussed in section 7.2.2, insufficient knowledge of SUD by professionals has raised the 
difficulty of implementing this drainage system in residential areas. Although it has been more 
than five years since 2001, that MSMA was implemented, there is still not much application of 
SUDS to be seen. The professionals are not well versed enough to argue on this kind of issue. 
However, there are also good examples which have been suggested in order to improve the 
education system regarding the environmentally-related issues at all community levels. 
"... It is better if we could retain the previous civic subject in our education 
system and include 'Loves Our Rivers' as a sub-topic... " 
Engineer 3, REDAC 
"... the education system does not supply enough information on environmental 
issues. The environmental issues are discussed in general without emphasizing 
the water-related issues... " 
RI, Architect 3 
However, there are those who believe that the public should take the responsibility to allow 
drainage systems to be more efficient. They should not blame others and hope that the local 
authority or other responsible organisations will carry out maintenance work. Furthermore, 
there is also a suggestion for responsible agencies to supply information in order to educate the 
public. However, this suggestion is no longer practised by DID as a result of the previous `Love 
Our Rivers' campaigns which did not turn out to be a success as expected. 
"... the 'Love Our Rivers' campaigns were not well-received by the public. 
Therefore, we are now going to change the approaches to mitigate the river 
problems and issues through doing it as a regulation, which is a must for us to 
do... " 
Engineer 2, DID 
"... if only the would take the responsibility of taking care of the residential 
surrounding, it will then help the authorities and other organizations a lot to 
maintain the drainage systems... " 
NS, Landscape architect 3 
180 
Unlike practices in many western countries, the landscape architects arc not involved at the 
early stage of planning and design of any development except when requested by the client. 
They are only appointed once all the planning and early design stage is over in order to design 
certain plots of land that have been reserved for landscape purposes. Therefore, it is difficult to 
plan a more sustainable planning which can emphasize a single detail, such as the planting 
detail itself. For example, trees species also play their roles in providing a certain degree of 
foliage to slower the rain before it reaches the ground. Therefore, the landscape architects might 
give some advice in terms of choosing a different layer of planting. It is for this reason that each 
species have different life periods. A good planting design may lower the risk of ground 
exposure without any foliage covering once the main plant no longer exist as it will be covered 
by the secondary trees. 
Thus, this really shows that there is a need for good team cooperation between the professionals 
because each of them has a very important role to ensure that development would benefit all 
stakeholders. 
7.2.4 Main Problems Associated with Urban Drainage Systems in Malaysia 
The main problems mentioned during the interview session are those related to public 
participation and acceptance, and also the implementation of new regulations related to 
sustainable drainage systems. The residential drainage systems also had similar problems to the 
urban drainage systems, which are the public attitude, technically-related issues, uncontrolled 
development and poor management of the drainage systems themselves. 
According to Engineer 3, the engineer for the Peremba Construction of the Putrajaya project, 
the public is not provided with sufficient information. Therefore, they seriously lack 
understanding of issues related to the drainage systems. There should then be a programme 
conducted by the respective authorities or organisations to heighten the public understanding 
and awareness. Engineer 2 of DID informed that they would no longer continue with the `Love 
Our Rivers' campaign as it had not fulfilled expectation target. They will soon be enforcing 
regulations and guidelines as a strategy to mitigate drainage issues. 
Lariyah Sidek, a presenter during the Rivers04 Conference and also an engineer involved with 
the Bio-Ecods Drain stated that there is confusion regarding data provided in MSMA, the data 
was originally designed for Australia but had been mistakenly used by the professionals where 
to design the drainage systems in Malaysia. As a result, the design required a bigger space 
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whereas the actual space needed is less. These issues have been mentioned by developers as a 
loss for development projects. This was also mentioned by MNI (PD 2), a managing director for 
a developer company. She also pointed out that, as a developer, they will maximise land use for 
each development. She also admitted that she was not well versed in MSMA and all drainage 
system-related issues would normally be handed over to the appointed engineer. 
Although MSMA was officially launched in 2001, all developments were permitted before that 
will still continue with drainage systems that had been approved which is the conventional 
systems. MSMA will only be enforced in projects that had been given approval after January 
2001. There are still developments which do not have MSMA guidelines. Therefore, there are 
some professionals who have no experience working with MSMA. It would then take more time 
to allow MSMA to be practised as a whole. According to the Assistant Director of the DID, it 
would need more than twenty years to practise sustainable approach among the public and 
professionals, for which a large number of organisations should be involved in terms of 
education, environment, development and many more. 
In Malaysia, SUDS is a new approach and not many people can appreciate the advantages of 
SUDS compared to the conventional system. Therefore, it is really difficult to persuade and 
convince people to support this system. Politicians also do not really understand the idea of 
SUDS implementation. In fact, a Bio-Ecods project was once turned down once by the 
administrative board of USM. 
"... at the early stage of this project, I had difficulties to get support from the 
administrative board because they do not want to take any risk on the new 
drainage module... " 
Engineer 3, REDAC 
It has been suggested that decisions in local planning involve many individuals who lack formal 
training in planning (Kaplan, et. al., 2008). It is a very big task to explain everything involved 
with technical decisions to those who do not possess knowledge in the respective field. On the 
other hand, these individual were mostly people in local authorities that are responsible to 
highlight upon development issues to the public. This constraint also contributes to the 
difficulties faced in encouraging public involvement in any development. 
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7.2.5 Opinions on the MSMA 
In general, the feedback on MSMA shows that it is still not widely used. Design professionals 
in the construction industry do not show any interest in enhancing their knowledge about 
SUDS. They are also not aware of the advantages of SUDS and how this system can make the 
surroundings look better. Engineering consultants keep using the conventional drainage system 
although SUDS has been introduced. 
"... We have a special unit that conducts a seminars on MSMA, However, the 
receptions from the professionals are very poor. Nothing much can be done 
because all the seminars are not compulsory and the professionals attend on 
their own initiatives... " 
Enginccr 2, DID 
Some of the professionals are not aware of the seminars conducted by DID, and they also have 
also said that they feel unsecure about the success of the success of the system. Difficulties in 
getting information have also arisen. 
"... I am not sure about other sources of MSM1A or SUDS, but in our 
organization, we are lucky because the management are providing us with 
courses and seminar on SUDS... " 
Enginccr 5, Parcmba Group 
"... Sorry, I really do have difficulties to provide you with information on 
MSMA. Personally, I am not quite familiar with the system and also have not 
heard about it before... " 
ZS, Architect 2 
On the other hand, many believe that MSMA is not a good stormwater control as it cannot solve 
flash problems. They prefer the conventional system because it offers a faster solution to the 
flood problems. 
"... I do not think that MSMA is the best solution and it is not suitable to be 
implemented in urban areas. This is because, based on my experience, if there is 
flash flood in this area, there would be a very long traffic jam, within 5 minutes. 
Can you imagine if we provide MSMji here, which would take at least an hour to 
allow water runoff... " 
Engineer 1, JB 
However, the professionals also raised the advantages and disadvantages of MSMA during the 
interview session. They also suggested that MSMA should be improved or updated from time to 
time. This is in conjunction with the drainage system technologies, which are always improving. 
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Furthermore, most of the feedbacks received, especially from the designer background 
professions, stated that the respondents were not aware of approaches effected in their scope of 
work. 
7.2.6 Improvement of MSMA to Suit the Needs of Housing Schemes in Malaysia 
As found in the interviews with the public, most residential areas with conventional drainage 
systems faced many problems. Thus, there is an urgent need for proper action in order to 
improve the situation. Unlike the SUDS application, the conventional system does not provide a 
separate drain for sullage and rainwater. The professionals have then been asked for their ideas 
to improve the housing schemes in Malaysia in terms of better drainage systems. The local 
authorities have been chosen to take full responsibility for the system application in housing 
schemes. 
"... MSMA should be more stressed by the authority in order to control any 
development. Therefore, all coordination and supervision of the development can 
be more effective... " 
MS, Architect 1 
The public or residents in an urban housing scheme should also take the responsibility to ensure 
that the system can be improved. Their understanding would be a great advantage in order to 
implement MSMA because the system will work efficiently with good public support and 
participation. 
"... It would be best if the public could help in taking care of the drainage system 
within their residential area. The understanding on how to keep the drainage 
runoff from the grey water is very important... " 
ZS, Architect 2 
"... The public should be supplied with sufficient information on SUDS, and also 
the importance of saving the rivers. It seems that they are not aware because 
they do not really understand the importance of their roles in maintaining the 
drainage system... " 
NS, Landscape architect 3 
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7.2.7 Opinion on Public Awareness of Problems Associated with Drainage Systems 
The public does have an important role to play in relation to the drainage systems. However, in 
Malaysia, the residents seem to be unaware of the problems that could be caused by poor 
drainage systems. When asked about public awareness of drainage issues, many professionals 
believe that the public have not played its proper role. 
"... I believe that our public does not really play their role to ensure that the 
problems associated to drainage systems could be mitigated... " 
Engineer 5, Paremba Group 
"... I have seen people throwing their unwanted foods from the kitchen window, 
it really make things worse... " 
ZS, Architect 2 
However, it is believed that blame should not be put on the public only. There is also a lack of 
information and insufficient campaigns by the government and related parties on problems 
associated with drainage such as water-borne diseases, water pollution and flash floods. On the 
other hand, there is a need to update the public on the latest issues related to water because this 
may attract their attention to change their attitude towards a better understanding of water- 
related issues. 
"... The public should be supplied with lots of information on daily usage of 
water. The respective organisations should be responsible for taking actions on 
these... " 
NS, Landscape Architect 3 
"... I am involved with a project which has a sustainable drainage system 
approach. However, I have diff culties obtaining information on it. Where should 
1 go for further information?... " 
NY, Landscape Architect 2 
Public participation in activities related to the environment is not encouraging. Thus, there 
should be proper strategies to tackle the professionals and arouse public interest although it 
would take a very long time to change attitudes. Due to the critical stage of drainage-related 
issues DID has taken more drastic actions by making regulations the major strategy to solve the 
problems. The `Love Our Rivers' campaign will no longer be a major event and the public will 
be less involved. 
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7.2.8 The Barriers that Discourage Awareness Amongst the Public about Problems 
Associated with Drainage Systems 
The education system has been seen as one of the reasons which discourages public awareness. 
Education is supposed to be the easiest method of supplying the public with water and drainage 
related issues. However, the education syllabus does not include sufficient information on the 
environment and therefore should be updated frequently. 
"... 1 do not think that we are taught properly on the subject of environmental 
education. The environment is discussed in general but not specifically on topics 
like water and others... " 
NMI, PD 2 
"... We should now start to provide students with environmental education from 
a level as low as the primary school... " 
Engineer 3, REDAC 
Although the professionals do not deal directly with the public, they still think that public 
attitudes should be changed because they are seen as a major obstacle to developing awareness 
of problems associated with drainage systems. The maintenance cost for drainage systems is 
increasing due to the deterioration of drainage conditions. Drainage has become a dumping 
area; therefore, the change in public attitude is very important. In Putrajaya, the authorities do 
not face any difficulties with the public because they have been provided with proper 
information regarding the system. 
"... We faced problems during the early stage when the public were still not 
familiar with the system. They threw wastes into the system. And it took us quite 
sometime to give them the information related to drainage systems. Feedback 
received said that they thought that the responsibility of taking care of the 
drainage system is under the local authority because, as residents, they pay their 
fees to us... " 
SJA, Landscape architect 1 
"... A major problem that we discover during flash floods is that the runoff 
cannot flow to the downstream because there is a blockage due to dumping of 
wastes... " 
Engineer 1, JB 
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Information on drainage is not widely distributed and do not reach the public. Therefore, the 
public is not aware of any new procedures or guidelines related to drainage. On the other hand, 
the information is quite difficult to access and is not updated frequcntly. 9 The public does not 
know where they can get the information from. The communication tools arc not fully utilised 
in order to provide the necessary information to the public. 
"... As a member of the community, I admit that I do not have any idea of SUDS. 
As far as I am concerned, I have not received any information that can be related 
to water or drainage system... " 
NMI, PD 2 
"... I admit, I do not have a clear idea of SUD and any complication that can be 
caused due to a problem with the drainage system... " 
RI, Architect 3 
The tools used in the application of SUDS components are expensive. It is then up to the 
public's own initiative to apply SUDS components such as rainwater harvesting tanks, or using 
equipment with low water usage. Other than that, the equipment is expensive too and beyond 
the reach of many in the community. This is because the systems are new in Malaysia, which 
means the public needs more time to be familiar with the system. 
"... Although the Bio-Ecods module is expensive, I took my own initiative to 
provide Bio-Ecods in my own house. This is the way that I would like to show my 
support for SUDS... " 
Engineer 3, REDAC 
"... There is no approach to rain harvesting system in Malaysia. However, I 
installed it in my house... " 
Engineer 2, DID 
7.2.9 Suggestions for Public Involvement in Drainage Solutions 
DID or the respective organisations concerned with water are urged to increase activities that 
would allow the public to participate. There should be an intensive element that would 
encourage the public to take part in environmental activities. Added to that, the campaign 
should include a seminar or exhibition that would help to boost public awareness and 
9 Most of the information is published in electronic journals and on the web whereas a majority of the 
public has limited access to the Internet. In 2005 the internet users in Malaysia were only 2.1 million for 
dial-up services, while the broadband users numbered 495,000 (TMnet 2005 Annual Reports, 2005). This 
number is very small Internet access compared to the whole population. 
187 
knowledge. Activities conducted by the community services or groups would encourage more 
people to participate in various activities with a theme that is related to water and drainage. The 
`Love Our Rivers' campaign should be continued and the campaign should be organized with a 
variety of activities in order to retain public interest. 
Various communication approaches should be used to ensure that information would be easily 
accessed by the community. In a country like Malaysia, not all communities have access to 
electronic communications. Therefore, a road show, exhibition or fliers would also be useful to 
grab public attention. Organising competitions can also attract the public to participate in 
campaign. 
7.2.10 Suggestions for Better Management for Better Drainage Solutions 
It is suggested that the current system should be revised because the regulations and guidelines 
are very confusing and not well linked between organisations on issues related to drainage 
systems. Thus, there should be better communication between organisations. These 
improvements would then reduce the chaos and uncertainty surrounding drainage issues. In 
particular, there is a need to restructure the management of SUDS in Malaysia. 
Although MSMA is new to the Malaysian construction industry, frequent updates on the 
information are reliable. This then provides easy access for professionals to obtain facts and 
information related to drainage systems. 
7.3 Discussion of Professional Survey 
This study involved conducting interviews with those involved with drainage systems: the 
regulators, researchers, local authorities and the professionals in the construction industry, such 
as architects, engineers, landscape planners and surveyors. 
Information on MSMA was distributed based on a `pyramid method'. MSMA was designed and 
regulated by the top management of DID, and information on the implementation was later 
distributed to the respective departments in the various government agencies involved in 
drainage systems. The departments later forwarded all the information to their respective staffs 
in the, department involved in the enforcement based on their area of authority. As for the 
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professionals, they are encouraged to attend a short course conducted by DID on MSMA 
according to their own initiatives. 
The professionals are still hoping to obtain information from each other on the new drainage 
approach. Reception among the professionals is also very poor according to DID. When asked 
their opinions on the SUDS implementation in Malaysia, half of the respondents claimed that 
they do not receive enough information on MSMA. This really reflects the professionals' 
attitude towards the implementation of SUDS as DID always announced and advertised their 
MSMA seminars on the DID official website. It is really upsetting to discover that all these 
professionals did not show any initiative to obtain any further information from the numerous 
sources available on SUDS. Although DID had decided to enforce regulations as a part of their 
effort to monitor water quality, 55.6% of the respondents agreed that the difficulty with the 
existing regulations or guidelines related to drainage and water is the main barrier in 
implementing SUDS in Malaysia. 
Over half of the professional respondents pointed out that the proposed drainage system in 
MSMA is much more expensive than the conventional drainage system. During the question 
and answer session in the Rivers'04 Conference in October 2004, Lariyah Sidek justified this by 
saying that the problems in designing the drainage are due to the data supplied in MSMA which 
is not being suitable for Malaysia as the data was adopted from Australia. Therefore, the design 
of the drainage system became too wide and it needed more space to be reserved. 10 Information 
provided in MSMA should then be revised in order to avoid difficulties in relation to the 
implementation of SUDS in Malaysia. 
Currently, most of the existing housing developments are provided with conventional drainage 
systems. Putrajaya was the first area to be installed with a sustainable development approach in 
Malaysia. Therefore, the drainage system applied in Putrajaya is based on SUDS approaches 
and was implemented before MSMA was legislated. There are also others example of SUDS 
applications that have been developed; for example, the USM engineering campus in Penang 
and the Tanjung Rambutan Hospital in Perak. 
Various opinions had been voiced by the professionals. Many seem very disappointed with the 
information supplied as they claimed that there is insufficient information. A number of them 
depended more on the design provided by the consultant rather than their own understanding of 
SUDS itself. On the other hand, the developers are more sceptical about the `life cycle cost' 
10 Data related to climatic factors need to be collected before an ARI graph for a drainage system that is 
suitable for a Malaysia can be obtained. The ARI graph will influence drainage design calculations. 
189 
(LCC) of SUDS implementation as they claim that it will increase the cost of dcvclopmcnt. All 
the feedbacks do not show a good understanding of SUDS amongst the professionals involved 
in the construction industry and those from different backgrounds have different understanding 
of the implementation of SUDS. 
Many professionals agree that public resistance to change is the most common barrier in 
implementing SUDS. This might occur due to a lack of information and understanding amongst 
the public. Furthermore, there are also problems in terms of the community's way of life. The 
daily routine does not encourage sustainable environment, especially in the management of 
drainage systems. The enforcement of legislation alone without education for the public, would 
not result in any changes in the future. This results in a longer period to change the current 
scenario. 
There is very little research on this area emphasizing the Malaysian conditions and not much 
available expertise has resulted in the liability cost of the drainage systems. However, there are 
many professionals at present who have shown an interest in this subject. Many studies have 
been conducted by a few organisations related to river engineering, such as REDAC and DID. 
Nevertheless, there is still sceptical feedbacks from professionals involved in development that 
the implementation of SUDS has raised their costs. Lariyah Sidek suggested that, based on her 
experience of SUDS, it can be seen that SUDS has reduced the cost of drainage systems by 
0.5% of the total budget cost in the USM project as discussed earlier in section to 5.3.4 of 
Chapter 5. 
MSMA has now been implemented for more than five years in Malaysia. However, there is a 
lack of information on SUDS received by the professionals. Thus, it would be better if the 
professionals could support the government's intention to improve the current drainage system 
by showing their interest. There are plenty of sources available which they can employ in order 
to obtain more exposure to the application of SUDS in other countries, especially from the 
West. MSMA is a manual which provides a general outline of SUDS. The professionals should 
then be creative in developing good SUDS by applying their knowledge, skills and creativity. It 
is an unhealthy scenario when there is still a number of professionals who rely more on the 
respective authorities such as DID and the local authorities to take further action in order to 
facilitate their work. 
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According to the Assistant Director of DID, Ahmad Fuad Embi, there is a mismatch amongst 
the enforcement bodies which has led to difficulties in enforcing regulations. In Malaysia, DID 
authorisation only covers rivers and drainage management. The Department of the Environment 
(DOE) controls water quality while the management of buildings, drainage and sewage systems 
is enforced by the Public Works Department (PWD). Therefore, it is difficult for DID to 
distribute sufficient information and also to enforce regulations thoroughly. On the other hand, 
not many professionals have attended DID seminars and courses on MSMA based on their own 
initiatives. This phenomenon is thus not an encouraging scenario and will not guarantee the 
future of SUDS application in Malaysia. Other minor barriers include the climatic and 
geological aspects, the safety aspects of the open water element, the lack of expertise in 
ecological engineering, and a lack of interest amongst professionals. 
The lack of professional interest can be clearly seen as there were not many professionals who 
have shown interest and willingness to be contacted for further survey information. The 
feedback that was received is also not encouraging although the survey was conducted in a 
conference attended by those who are involved and have interest in drainage systems. 
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Chapter 8 
Findings and Conclusions 
8.0 Introduction 
This chapter concludes the research findings that have been discussed in the previous chapters. 
The discussion will relate to the research questions and will be followed by suggested topics for 
future research that can be expanded from this study. 
8.1 The Adaptation of Principles and Elements of SUDS in Western Countries Onto 
the Malaysian Context 
A number of western countries have been developing SUDS for many years. A very good 
example can be seen in the United Kingdom. It can be clearly seen that they have implemented 
SUDS very well. Based on the CIRIA guidelines on SUDS, four basic components have been 
introduced: ponds, wetlands, impermeable surfaces and filter strips and swales. These 
components have been used and integrated very well into the landscape design by the respective 
designers (Figure 8.1.1). 
In Malaysia, MSMA has also introduced the same components of SUDS. However, there are 
limited examples to be seen. The components are translated directly onto the landscape (Figures 
8.1.2 and 8.1.3). It would then take more time for the professionals, especially designers, to 
become familiar with the components and explore them in their designs. 
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SUDS components are not much different in terms of their functions or technical specifications. 
It can be implemented almost everywhere, including in Malaysia. The differences that occur 
relate to the `ARI graph', which is based on the local annual rainwater distribution. A country 
like Malaysia receives very high rainwater throughout the year. Therefore, there is a need to 
modify the existing SUDS data to ensure that the design output suits the local climatic factors as 
discussed earlier in section 7.3 of Chapter 7. 
The components are generally simple and flexible and need to be explored in a creative way in 
order to blend them with the landscape design. Therefore is a need for a responsible authority, 
such as the Drainage and Irrigation Department (DID) to provide training and courses for the 
professionals on the implementation of SUDS. Latest information should also be supplied 
efficiently. It is better then for Malaysia to study SUDS management systems that has been 
developed in western countries. The understanding of SUDS components and their 
implementation will generate more benefit and applicability to the environment and community. 
It is a very good approach then to have an organisation that is responsible for the 
implementation of SUDS, such as CIRIA. 
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Figure 8.1.2: A mini wetland located between the residential area in Putrajaya. 
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Many of the western countries arc experienced in formulating good drainage management. This 
is thus the most valuable experience that should be looked into in order to improve the present 
drainage management in Malaysia. 
8.2 The Culture of Malaysians in Relation to Sustainability Issues and SUDS 
Malaysia is a multi-racial country. The three most majority ethnic groups in Malaysia are 
Malay, Chinese and Indian. Each ethnic groups has different culture which influences the way 
of life. The way each ethnic group perceive water itself highlights the differences. This might be 
due to the traditional geomancy inherited from their ancestors, such as the Chinese belief of 
Feng Shuill that could influenced their lived or the Malay community whom believes in Tajul 
Muluk12. The traditional geomancy reflects the daily lives of each community. 
On the other hand, adaptability of childhood lifestyle or common daily practices also has great 
influence in the culture of the community. As discussed in Chapter 3, the examples presented 
are related to the traditional drainage system. Most of the community in the rural areas have 
been familiar with the surrounding environment and the drainage system used within their 
living areas. Therefore, it is difficult to change the system unless they are exposed to proper 
drainage systems and supplied with sufficient information related to water and drainage 
systems. 
8.3 Problems Associated with Urban Drainage Systems in Malaysia 
Aesthetic values are very subjective. The way people appreciate the landscape in their living 
surrounding varies. Based on the focus group as discussed in Chapter 6, most of the public 
consider artificial landscape more acceptable than natural landscape. Less appreciation is shown 
towards a natural setting. 
Public attitudes are universal. The way people react or perceive any matter or subject is almost 
similar. It is universal that people show their care, appreciation and awareness to the element 
that they like most. A drainage system is an element which is considered by many people as a 
11 Feng Shut is the Chinese geomancy in giving guide to the ancient arts of placement in daily life (hale, 
2001). 
12 Tajul Muluk is the Malay geomancy parallel to the Chinese Feng Shui (Andrew Sia, The Star, March 
16th, 2008). 
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`service element'. It is considered by people in terms of its functionality but not as part of 
elements that contribute towards the landscape. Therefore, to ensure the success of the 
implementation of SUDS, the people's knowledge should be broadened and their attention 
captured. Nassauer (1997) suggested the need for people's attention in order to allow the 
landscape to survive, which is known as 'cultural sustainability'. 
A clear example of people's attitudes towards their own surroundings in this study is the 
homeownership status. The homeowners are more sensitive to their own homes compared to 
tenants. The homeowners are more alert about things happening within their living surrounding. 
Unfortunately, there is a limitation of appreciation that influences most of the residents in 
Malaysia. The appreciation and awareness were only perceived within the borders of the 
individual house. Homeowners do not understand their surroundings in a larger context 
(Karasov, 1997). The residents were mostly trying to do their best for their individual living 
space, which in this case, is their house. It is unacceptable to say that it is a big mistake to place 
the drainage system outside the residential border. The drainage system would be under the 
individual's responsibility if it were seen to be part of the individual property. This example 
refers to the perimeter drain built on the border of the residential areas. In other examples, other 
open spaces would be treated the same if it were not valued by the people, such as parks, 
playgrounds and playing fields. It is difficult to make the public's sense of belonging borderlcss 
which would then lead the people to extend their appreciation. This would also act as a trigger 
for the public to begin protecting their living surroundings. 
8.3.1 The Issue of Common Values Held by the Community 
The influence of culture is very complicated especially since Malaysia is a multi-racial country. 
The issue of sensitivity should be looked at from many factors, such as racial, religious and 
cultural (Tan, 2008). For example, pig farming is a very sensitive issue to the Malays who arc 
them Muslims. Their religion, which Islam, forbids them from consuming pork. Therefore, a 
recent, issue regarding developing a centralised pig farm does not only concerns the 
environment, but also triggers religious sentiments. Hindus on the other hand do not cat beef as 
they believe that the cow is a sacred animal. Issues on Backbenchers Club of Malaysia 
highlighted a mass slaughter of a cow in July 2007 which highlighted this sensitive issue among 
the Hindu community. 
On the other hand, in looking at the everyday way of life and culture the sanitation and drainage 
system were not properly managed especially in rural traditional villages. Most housing 
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settlements near water edges had built toilets at the river banks. Thus is difficult to control 
because it had been practiced by the community for ages. The river bank reserve of one hundred 
feet is therefore not easy to enforce as the village lands belonging to the villagers are inherited 
from their ancestors. Usually, the greywater from domestic use in a traditional house will flow 
into puddles behind the house. It will then disperse into the ground. There is also a possibility 
that the greywater flows to the nearest water bodies. The grcywatcr will then be left without any 
treatment. 
The main obstacle that prevents the respective authorities from providing proper sewage and 
drainage systems is the political boundary. The local authorities are only responsible within 
their authorised boundary. However, there is also improvement in villages in that the political 
boundaries have been included under local authority jurisdiction. 
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Figure 8.3.1: A cartoon published in the News Straits Times Press by Zoy on water issues. (Source: 
NSTP, 2001) 
Educating the public on environmental issues is very important in order to sustain drainage 
systems especially an urban housing areas. The public plays an important role in protecting their 
living environment (Figure 8.2.1). A knowledgeable society would result in better and healthier 
environmental expression. Expressions are important in order to allow the public to show their 
appreciation of the surrounding landscape. For example, most of the public responded in a very 
unencouraging way towards the wetlands component as they are not well versed in its functions 
within the environment as discussed in Chapter 6. However, the way the public perceives the 
wetland may change if they know its role. This would then allow them to appreciate it more 
readily. Apostolaski, et. al. (2001) suggest education as an important tool in improving public 
perceptions of SUDS. This study shows that drainage problems, such as blockage, bad smell or 
stagnant water, may occur in any place. The problem can then be solved if the public is 
knowledgeable about their roles as well as and the importance of the SUDS application. 
Overall, the public should not be blamed for any environmental issues which occur. 
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8.3.2 The Extent to which Sustainable Design and Behaviour can be Influenced by 
Information and Education, and the Limitations of this Approach 
The understanding of a basic concept of sustainability is very important in identifying the 
limitation of approaches that should be put to the public. Basically, the key concept to 
sustainability is to minimise resources degrations and disturbances to a limit where the natural 
processes and functions of the system can counteract and be preserved (Jaafar, 1992). 
Therefore, it is better to identify criteria which encourage sustainability such as the following: 
1. recycling 
2. using minimal non-renewable resources 
3. exploiting renewable resources 
4. reducing waste generation 
5. using resources efficiently 
These criteria should be emphasized in terms of information and method that can be achieved at 
the public level in order to ensure that they understand their responsibilities and the implication 
that may be contributed due to their awareness. They are at a level which could help the 
`control-at-source' method to control resources degration especially water. For example, 
recycling has been introduced in Malaysia for the last few years. The public had been provided 
with recycling bins, which were located at very limited sites. These step then encourages the 
public to participate in recycling. However, the recycling management system should be 
upgraded where garbage should be segregated earlier and should not be mixed during the 
collection process. 
At the educational level, the school syllabus should be revised and updated with information on 
environmental issues. This should be done in order to develop environmental awareness at an 
early stage of education. Education in Malaysia is generally more geared towards classroom 
orientated approach. It would be better then if students were allowed to interact more with 
nature. It is thus a very good move if students were given the opportunity to observe nature and 
eventually learn to appreciate it. 
8.4 The Role of the Professionals in the Practice of SUDS 
Dealing with environmental issues is the responsibility of all stakeholders. Landscape, ecology 
and sustainability are very broad issues that need the involvement of all professionals. 
Knowledge and understanding of societal, cultural and environmental factors are important for 
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better SUDS implementation. Flexibility in SUDS components, skills and creativity would 
assist professionals in the search for a better drainage and landscape solutions for urban housing 
areas. 
Current and updated information should be supplied to allow the professionals to obtain a 
clearer idea of SUDS. The method of information distribution should be revised in order to 
allow easy access to all. There is also a need for multi-sourcing and unlimited information as 
people depend on a variety of sources to obtain information. It is better then for responsible 
organizations to diversify methods of information distribution on MSMA. 
8.5 Political Interference in the Supporting of SUDS Application in Malaysia 
The public generally personalise their individual spaces and individual areas within very limited 
contexts. Examples have been discussed in earlier sections; as can be seen in the strong 
relationship between homeownership and the surrounding area. However, it is suggested by 
Karasov (1997) that every piece of land has it value in terms of ecological and educational 
functions, and it is thus important to view the wider context. According to Karasov (1997) in the 
article `Politics at the scale of nature', the landscape should be preserved in order to allow 
people to take responsibility for it. 
The process of urbanisation has created landscape destruction without anyone realising its 
impact (Figure 8.4.1). The experiences of the earlier generation with regard to local natural 
surroundings are no longer experienced by the younger generation. At present, land and 
property values are very high and therefore people tend to maximise land use. As a result, many 
parks are situated far from the public. This has caused the public to be less aware of natural 
spaces. The park itself is less appreciated by the public because of the distance. Therefore, these 
environmental challenges have also become a political challenge as their borders of jurisdiction 
are now located within a broader context. 
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Figure 8.5.1: A cartoon published in News Straits Times Press by Zoy on flash flood issues. (Source: 
News Straits Times Press, 2004) 
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MSMA is a good attempt that has been made to mitigate water issues. However, much is needed 
to improve the implementation, especially the management side. The management should also 
involve acts and regulations. They should be updated together with new attempts or approaches 
to allow the actions outlined to be concurrent with the latest information and application. A new 
approach should also be considered in order to encourage the public to be involved and to 
participate in activities related to the surrounding environment. The public should be allowed 
easy access to any green areas; for example, there should not be any barriers in the mini wetland 
areas of Putrajaya. 
The political system also influences the regulations and acts related to drainage and water 
managements. The government supports the idea of implementing a sustainable drainage 
system, which leads to the outline of MSMA replacing the old hydrological manual. However, 
there are certain actions taken which were not reflected in the guidelines MSMA. One of the 
examples is the Stormwater Management and Road Tunnel Project (SMART), which is a 
solution in the form of a dual function tunnel to improve flash flood problems in Kuala 
Lumpur. 13 The tunnel was built to transfer the `overload' water to the downstream as quickly as 
possible. These solutions, on the other hand, would later create other problems in the 
downstream. 
8.5.1 Water Management Problems due to Non-Sustainable Schemes, Poor Detailing or 
Maintenance. 
Technologies and systems are not static; it is dynamic. It will be improved and developed for a 
better performance and benefit. Therefore, according to Butler and Parkinson (1997), the 
effectiveness of an urban water system is highly influenced by maintenance techniques and 
procedures. This was suggested in a study on investigating a feasibility of a sustainable-water 
chain by Van der Graaf (1997). The study was conducted to find answers on unsustainability 
factors that could be reduced through different techniques and approach developed related to 
urban water system. It shows that each techniques or components were applicable at their most 
efficient way depending on many factors, such as the climate, cost, and others. 
13 The SMART tunnel was constructed in 2003. The main objective of this tunnel is to solve flash flood 
problems in Kuala Lumpur. The 9.7km length tunnel project was led by the government, including the 
Malaysian Highway Authority (LLM), and DID, and a joint venture pact between Gamuda Berhad and 
Malaysia Mining Corporation Berhad (MMC). On 7`s April 2007, this tunnel was officially opened to 
motorists. 
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As Malaysia is still at the stage of developing urban drainage systems, there is still room to 
identify techniques, components or approaches that might best suit the Malaysian context. 
Butler and Parkinson (1997) propose three strategies that may lead to good strategies in 
developing sustainable urban drainage systems. They arc as follow: 
1. Reduction of reliance on water as the medium of transport for waste. 
The conventional drainage system does not utilise water efficiently (Eiswirth ct. al., 2000). 
Daily water usage could demonstrate the level of water usage. It is encouraged to minimise 
water usage. One may use low-flush toilets or a front-loading washing machines, as they are 
designed with minimum water requirement. On the other hand, water recycling also helps to 
reduce water usage. In this study, as discussed earlier in Chapter 6, respondents were asked 
about their willingness to participate in water-related environmental activities such as reducing 
water activities, rainwater harvesting, recycling and others. Although encouraging responses 
were given, they would also appreciate if they were assisted and supplied with information to 
assist them in managing water usage efficiently. 
2. Elimination of the mixing of industrial wastewater with domestic wastewater. 
Separating the municipal waste and industrial waste is critically important (Butler and 
Parkinson, 1997; Eiswirth et. al., 2000). However, it is a bit difficult for Malaysia to develop a 
system that can organise waste within a very limited phase. Malaysia is a country highly 
involved in the production and agricultural industries. However, improper management of 
hazardous wastes can cause an increase in heavy metal wastes in the water system. On the other 
hand, the outbreak of the 'Nipah' virus in 1998 as discussed in Chapter 6, has alerted many 
people to the importance of proper waste management in livestock farm. 
The latest issue that had triggered Malaysian sensitivity is the pig farm which had cost 
RM100million to be built in Sepang, Selangor (Tan, 2008). 14 The farm was planned with the 
aim of being the first to be equipped with an environmental-friendly waste treatment techniques, 
which can also be categorised as `control-at-source' methods. However, this issue had provoked 
the sensitivities of many with regard to environmental issues. According to Tan (2008), the 
attempt was made with the aim to centralise pig farms and to control farming activities. Pigs are 
known to be prone to heat stress. Therefore, they need to be washed regularly in order to cool 
them down. Thus there is an immediate need for proper waste management in order to control 
the discharge of effluent and waste water. In this case, the government had made the effort to 
hire foreign experts to conduct an in-depth study which is meant to support the Environment 
Impact Assessment (EIA) study conducted earlier (News Straits Times Press, 2008). 
14 Roger Tan is the Chairman of the Environmental Law Sub-Committee (NYCL) of the Bar Council, and 
also a member of the Waste Management Association of Malaysia. 
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Support and understanding are needed to encourage development in the improvement of 
environmental friendly techniques in Malaysia, especially concerning a more sustainable 
drainage systems. A study on the domestic waste and industrial waste management should also 
be carried out to identify environmental-friendly approaches that may benefit many parties. 
3. Separation of stormwater runoff from flows of polluted wastewater. 
In many western countries, the application of combined sewer system helps to improve the 
quality of water runoff. It was designed to split the runoff from the wastewater. However, an 
open sewer system has been implemented instead in Malaysia. Therefore, it is difficult to 
control the surface water runoff from mix with the polluted wastewater. An alternative approach 
should then be identified to discourage the problems from continuously polluting the water 
system. The public and stakeholders should thus play their roles. Problems, such as waste 
dumping in the open channel and improper sanitation system which flow directly into the 
drainage system, must be avoided. 
Actions should then be taken to support sustainable drainage systems. SUDS alone cannot solve 
these water issues. There is thus a need to `control' activities so that the implementation of 
SUDS can proceed without any threat. 
8.5.2 Issues of Legal versus Voluntary Compliance 
Many are unaware of their rights and responsibilities in contributing to environmental issues. 
Public participation has not been encouraging as they do not know how to be involved. This 
might be due to a lack of exposure as well as information supplied. Legal act, enactment and 
regulation can hardly be understood by a layman without any assistance from the expert. These 
are some of the obstacles that restrain the public from getting involved in any development 
planning. Malaysia Nature Society (MNS) (2005) highlights that public participation is very 
important for the following reasons: 
1. Legal rights in human law 
" As discussed earlier in Chapter 3, there are laws and regulations that have been 
enacted to protect public welfare, such as the Environmental Quality Act 1974 
(Amendment) 1985 where the public is given forty-five days to comment on 
detailed EIA report. The Town and Country Planning Act 1976, Section 9,12A 
and 13 provides one to two months to the public to protest any draft or 
development plan. 
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2. Basic human rights 
" It is the rights of humans to practise freedom of speech and to obtain 
information. The most important is the rights of humans to live in a clean 
environment. 
3. Social obligation 
" The public is free from any political responsibilities, which makes them the 
best monitoring agents. Public involvement would promote transparency in 
government decision making. Thus, it is better to involve the public in 
development planning and to improve the EIA based on the comments, ideas 
and opinions obtained from the public 
However, the obstacle that might influence public participation is accessibility to information. 
For example, the EIA report would usually be announce in newspaper and the DOE website. 
For a detailed EIA report, it can be bought at the price between MYR500 to MYR800 (£80 to 
£150) (Malaysian Nature Society, 2005). Accessibility seems to be limited to internet while the 
public themselves are stopped from contributing to the EIA. In addition, the price of a detailed 
EIA report is expensive, which would then make the public less interested in purchasing the 
report. 
8.6 Further Recommendations for Future Research 
Research related to SUDS and the public perception, acceptance, awareness and participation is 
very broad. It can be examined in various aspects. However, based on the areas that have not 
been touched on, it is best to give emphasis to the subjects listed below: 
a. SUDS components in landscape design in Malaysia 
SUDS implementation in Malaysia needs further improvement. Further research on SUDS 
components in landscape design is needed. The research can be extended to include finding 
solutions to the best components that can be applied in designs as well as contributions towards 
sustainable landscape. The research area can also be broadened to cover other issues, such as 
identifying the factors that influence the acceptance of components used for design. 
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b. Towards better 'Best Management Practices' In Malaysian drainage and water 
management 
Research should be conducted to improve management issues related to drainage systems. 
Improvement on the management of SUDS is important to obtain better drainage systems. The 
management issues should be cover various topics; from technical to maintenance. 
In addition, Malaysia is well-known for its multi-racial society, which has led it to become a 
multi-cultural country. The culture of any society is very important in influencing the ecological 
landscape. Research on Malaysian culture is thus encouraged in order to identify a better 
approach to manage the responsibilities for living surroundings. 
c. Sustainable urban landscape: Retrofit to the current urban landscape in Malaysia. 
Most of the major cities in Malaysia suffer from environmental problems. Hard surfaces have 
dominated almost all urban settlements. Improvements should then be identified in order to 
reduce environmental problems while at the same time to improve the quality of urban areas. 
8.7 Final thought 
Issues on global environmental degradation attract many attentions. In one year we celebrate 
various days related to the environment such as `World Water Day' and `Earth Day'. The World 
Health Organisation of United Nation recently announced the year 2008 as an `International 
Sanitation Year'. These are efforts made by specific organisations in order to boost awareness 
on environment. However these efforts made at the macro level. At the micro level, respective 
government agencies, NGOs, and stakeholders have also made initiatives to involve the public 
with environmental-base activities. For examples, SHELL Malaysia Limited and the New 
Straits Times Press, in partnership with the Ministry of Education, have collaborated in an 
awareness campaign at a primary and secondary school levels (New Straits Times Press, 2008). 
The attempt is aimed at raising the awareness of environmental issues amongst students. 
In general, everyone should be aware of the importance of clean water. Most of health and 
environmental problems originate from the bad quality of water supply. Water-borne diseases 
such as malaria and dengue, polluted water diseases, such as Japanese Encephalitis (JE) and the 
`Nipah' virus, as well as cancer, are caused by water. Global warming issues, now focused on 
many topics such as heat island phenomenon and green house effects, but not many arc aware 
203 
of the basic need of water to regulate tempreture of the Earth. Water is needed also to sustain 
the world's population and the ecosystems that support life on the planct. 
It is difficult to change a person's attitude, especially regarding environmental issues. Forcing 
changes is not a good solution but a good strategy with soft approaches may lead to a beneficial 
ending. Sometimes, it takes longer to make a change and to improve a situation. however, good 
intentions would normally be accepted in the long run. Malaysia is a developing country and it 
is advantageous for all to apply sustainable approaches along with development. 
It is believed that SUDS has a good future in Malaysia but time is needed to make changes in 
total. There is an urgent need for good educational methods to educate the public and to supply 
them with information and issues on the environment. The public should also be encouraged to 
be involved in development proposals. 
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Appendix A: Public Questionnaire 
PUBLIC PERCEPTION AND ACCEPTANCE OF SUDS APPLICATION IN HOUSING SCHEME IN MALAYSIA 
A recent investigation by the Malaysia Department of Environment into the quality of river water reported that there has been a 
significant increase in the number of polluted rivers throughout Malaysia. This situation has been compounded by a dramatic 
increase in urban flooding, which has been partly attributed to changes in urban morphology and specifically new areas of 
housing. Concerns regarding the contamination of rivers are particularly significant in the Malaysian context because 97% of 
water used originates from rivers. The Department of Irrigation and drainage has introduced a new practice manual for 
sustainable urban drainage or MSMA. 
This questionnaire is part of a research project based at the University of Sheffield, United Kingdom, into alternatives to 
conventional drainage systems within housing schemes in Malaysia that aim to improve water quality, reduce flood risk and 
potentially increase amenity value. Such environmental-friendly systems may significantly change the visual quality of a 
residential area; involving greater use of open water channels, vegetation and collecting ponds. We are therefore very 
interested in public opinions of both the current situation and the proposed new system. 
The aim of this questionnaire is to establish levels of satisfactions with current residential drainage systems. Confidentially is 
guaranteed. I would then be very grateful if you could spend a few moments to complete the questionnaire. If you have any 
questions or queries, I can be contacted as follows: 
(H ajiar kLaliti air yarc c jalarkar cIEf jatatar clan sckitar h alaysia n Elapcrkar Larav a tErcaUat Fcrirckatar rcrcEn arar air 
ci LELErapa tLar sLrcai ci k alaysia. I\ asalar systEn salirar ci h alaysia kiri t¬lar tErtan tal- rcrcirc Ekcrar cariraca 
n Erirckatrya kcs-kES Larjir kilat ci kay asar E arcar. S itLasi iri jLca t¬laf" n Ery¬tatkar FErLtahar terracal FErarcarcar 
car FErcLrLsar ci kav asar-kav asar FErLn al-ar. F al iri FErIL cilcri FErratiar Ekcrar S71, cariraca sin to air tcrsif- 
catarcrya can scrcai. Jalatar FErcairar car 5alirar k alaysia tcIe n Ercan Lil Iarckaf" taci n Ercatasi sitcasi iri ccrcar 
n en FErkcralker Fclaksaraar 'n areal saurer n Esra clan ' (A 5k 1). VV 
S calar kaji sElicik iri ac alar sEtaraciar carip ac a FcryElicikar I[ ci l rivcrsity Cf S cffiEic, l ritEC k ircccn calan n Erckaji 
prcarcar Scrta Fcrcrin ear Ln Ln tErracap FErlaksaraar systEn salirar n Esra alan ci kav asar FErLn arar. Scala 
n aklLn talcs scalar taci tLjLar kajiar sEn ata-n ate car s¬cala n aklLn at yarc citErikar acalar rabsia car ticak tErkaitar 
ccrcar sEtararc FErcctahscaiar ci kavasar kccian ar arca. h akicn talasVyarc citEri Fcrlclab n crcresi FErcalan ar 
ircivicc ci kav asar kccian ar n asirc-n asirc. S Etararc FErtaryaar car irfcrn asiVyarc tErkaitar ccrcar kajiar tclchlar 
ci2jckar kE alan at yarc cisertakar cit av al-: ) VvV 
Izawati Tukiman 
Department of Landscape 
Floor 3, Arts Tower 
University of Sheffield 
Sheffield 
S10 2TN 
United Kingdom E-mail address: in tukinino, iy: ihooý co. uk 
I Background (l alert da Mar c) 
Please fill in the blank or tick ( I) the suitable box, for appropriate answer. (iIi i4ar tEn at kcscrc ______ , 
atac 
tarcakar ( v' aca jav agar yarc CErsescaiar) V 
This information will help build up an accurate picture of the opinion of people from different backgrounds. 
1. Location (Lckasi): 
Q Putrajaya 
Q Others (Lair-lair ten rat) 
2. Age (LnLr)- 
El 16-19 years old (1E-1ý tarLr) Q 
Q 20-24 years old (2C-24 tah r) Q 
Q 25-34 years old (2E-24 torLr) 
3. Ethnicity (Earesa): 
Q Malay (N ElayL) Q 
Q Chinese (( ira) Q 
35-54 years old (? `-E4 tarLr) 
55 years old and above (EE taf"Lr kcetas) 
Indian (IrciE) 
Others (lair-lair taresa) 
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Sex (Jartira) - 
Q Male (Lelaki) Q Female (Perempuan) 
Educational background (Latar LElakarc FErcicikar)- 
Q Primary school leaver (lan at SE kcla r rErca 
Q Secondary school leaver (1 an at sEkcla rn Er¬rcaf ) 
Q Certificate holder (Ian at krLrsLS FErsijilar) 
Q Degree holder(( racLar LrivErsiti) 
6. Homeownership status (ýtatLs per ilikar rLn ar): 
Q House owner (family members included) (FEn ilik rin alý ataL al"li k¬lLar(a) 
Q Tenant (F EryEV a rin al-) 
7. Occupation (Fck¬rjaar): 
Q Executive (E ksckLtit) 
Q Managerial (F ecav ai F ErcLrLsar) 
Q Academic (F crcicik) 
Q Services/Customer Support (F crkricr atar F Elarccar) 
Q Clerical/Administrative (F ErckcrariarlF ErtacLirar) 
Q Tradesman/Craftsman (F Eriaca/F ErtLkarcar) 
Q Student (F elajar) 
Q Self-Employed (E EkErja `_ Erciri) 
Q Unemployed (licak EEk¬rja) 
Q Retired (F csara) 
Q Homemaker (5 LrirLn at) 
Q Others (Lair-lair F ckErjaar): 
8. How long have you lived here? (E crapa Ian a tElal- arca n Ercirap cikav asar iri%) 
Q Less than one year (N crarc caripaca sEtarcr) Q 6-10 years (E-1C tarcr) 
Q 1-2 years (1-2 tarLr) Q Over 10 years (Letif' caripaca 1C tarLr) 
Q 3-5 years (? -C tal-Lr) 
1 B. Satisfaction with the current drainage system ('. is tc rFcrFa rite rciMavasererc a) 
E. Have you had any experience with the drainage problems listed below within your living area"? Please tick (ý) on the 
appropriate answer. (F Errahkar arca n Ercalan in asalar FErFaritar yarc t¬rsErarai ci tav of , larcakar () Faca 
Filirar jav agar arca. ) 
Fcr E)2r FIE, if )CL L'_EC tc f2CE Fr(tIEr sV itt stzErzrt V EtEr frcr tI'E creir2CE LEFirC )Clr I'Cl'_E. It i FFEr5 
L'_lc"II) ClrirC tic r crsccr sc 5Cr, v lid is tV iCE Z yEEr. ((crtcrrya, jika arca tiasa n Ercalan in asatar Farit yarc 
CErtakr. rc ci LElakarc rr. n al-. cin ara is kcrac t: ErlakL caca n sin I-Liar iaitL 2 kali sctaf Lr) 
Yes No Frequency of events (per year) 
(ýa) (licak) (k¬kerapar n asalah yarg cialan i 
Galan sctaftr 
1 2 3-5 >5 
E)ar Ele:! till yatErktacrartvater 
Yes 
(la) 
No 
(Iicak) 
Frequency of events (per year) 
(kckerapar n asalar yarc cialan i 
calan sEtaI`Lr 
1 2 3-5 >5 
a. Still water/sta pant water I it LErtakcrc 
b. Mosquitoes an Lk 
C. Flash flood (E arjir kilat) 
d. Careless accident (ex. A child fell into the drainage system) 
kccLaiar -C crtcrr a, karak-karak tEriatt. f- kECalan aril 
e. Garbage / Litter in the drain (F En CLarcar sap pal- ci calan 
Icrckarc) 
f. Drain could not absorb sufficient amount of water runoff during 
rainy season/days (5 ist¬n rant ticak carat n Eran Ft rc air 
aca v aktt. /r t. sin I-Liar 
Drains e blocks e (F arit terst-n eat 
h. Badsmell Eat arc kt. rarc n Er Erarckar 
i. Others (Lair-lair n asalar): 
218 
Appendix A: Public Questionnaire 
10. Below is a li"t ul Subjects IUInted too w, itel, tick (v ) Itn Ilit, I(V(l ui yuui c rI ein dur lo pul 111(ivitlIhll 111W wst. 
([ isEraraikar Lerikct scalar sc[jEk yarc tcrkaitar ccrcar air, tarcakar (V ) Faca Filirar arca tErcasarkar 
kECErccrcrcar GEn Erratiar arca) V 
7V _3C U) C N 
G N 
= 
yý 
W U) 
9 (V 
L (U (V 
j 
W 
(ý 
U) 
L_ (Ij E 
UY 
CAJ 662 
UL 
V) (V In J 
L1 (V 
E CC UJ L 
C"i 
F 
N Ö. 
z 
a. Water quality deterioration - Water pollution / Oil and grease in waterways 
k En Eresctar kLaliti air akitat cari aca ErcEn arar) 
b. Water-related disease - diarrhoea, cholera, dengue, malaria, and etc. 
(F Er akit t; Er Lrca cari aca air - cirit Lirit, crclEra, cErcci, n alaria, cll 
c. Decrease/damage of fresh water species and vegetation (k En Lsrarar 
sE sis rice ar car tin LLI-ar air) 
d. River sedimentation due to development activities ([En crcapar sLrcai 
ckcrar cari aktiviti En tarcLrar) 
e. Mosquitoes -A vector that spread malaria, filarial, brain fever and other 
viral fevers. an Lk - \cktcr Er Starar Er akit sE Erti n alaria, cll 
f. Sewage and domestic waste discharge into the river (FEn tLarcar sisa 
kLn tal-ar ccn cstik kEcalan sLrcai 
Flood / Flash flood event (E ar"ir/tarjir kilat) 
h. Litter in waterways (F En tLarcar san al- kecalan s stEn air) 
i. Alga growth / Weed infestation - Large uncontrolled weed beds can lead to 
reduced habitat diversity, deoxygenating and environmental perturbations. 
(F Ertcn tLI-ar alca car rcn FLt air - larFa setararc kav alar akar 
n En FErcarLri keFLFLsar kEFElt; acaiar rat: itat air, sErta carccLar kitarar 
alan sEkitar% 
j. Heavy metals in waterways -A higher level of metals (lead, copper n etc) in 
the waterways may cause an impact to drinking water quality. 
(F En tLarcar sisa pepEjal kECalan systEn air n an Fc n En FErcrJi 
kLaliti air) 
k. River bank erosion (F Ercrakisar tEt: irc sLrcai 
D. Drainage practices 
11. Control-at-source is one of the techniques thdt 11(('(k thy' "ul)l, uii ()I Ow public. The basic idea that has been described by 
the Department of Irrigation and Drainage in the Manual and Guideline for storm water management: 
"... It is better to reduce, and where possible eliminate the causes or sources of pollution by good 
housekeeping (in-house management) and source control (controlling the pollutant at it possible 
sources), rather than treat the effects downstream... " 
As a member of the public, how far would you be willing to participate in the list of issues raised below? Please tick ('I) on 
the appropriate answer and tick ('l) also if you did practice the listed method in your daily life. 
F( r E)c"r FIc, if yCL irE irtErE5tEC tC FcrtiCiFit E Lit rEEC tC Mrcv r Crc Cr It cv tC cc rCLCt FrCFEr v cqE 
r 2r9CEr Eft. 
('k av alar av al carip aca FLrca tal-ar tErcEn ar'n cn criLkar Fcn tatitar cari Ln Ln .5 cc are asasrya scicrti yarc tcrkarcLrc calan 'k areal ý alirar 11 Esra F Ian ' cIc Jatatar F Ercairar car 5 alirar: 
". vacalar IEtif" taik n Erarcari Fcrca FErccn arar pace FErirckat av alar iaitL ccrcar n Elaksarakar 
pcrccresar sctcn at car kav alar Fcrca, tcrtarcirc ccrcarvn Elaksarakar Frescs FEn clirar Faca 
scrcai-scrcai yarc tErn asalar. V 
5Etacai arcccta n asyarakat, scjaLr n arakal- area n an FL n Elitatkar ciri calan iss-iss yarc cisEraraikar, % larcakar 
(i/) pace Filirar jay agar area car tarcakar jcca jika area secarc n Elaksarakarrya. (crtcf"rya, area tErn irat crtck 
n Elaksarakar systen Fen tcarcar ccra sen cla, tEtaci ircir n ErcaFatkar n aklLn at yarc IEtir Iarjct tErkaitar cErcar 
FE laksaraarrya) yVy 
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Example-. 
Recycle household waste - Sorting waste accordinq to 
material, such as glass, paper and etc for recycling purpose,,. 
(( crtch F cn Lcarcar san FaE kitar SEn cla -5 an pal- eibi ,i( 
ccrcar n crcacirkar n crcikct tal'ar s¬FErti kaca, car kcru; s 
LrtLk cikitar sEn Lla) 
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a. Recycle household waste - Sorting waste according to 
material, such as glass, paper and etc for recycling 
purposes. (F En CLarcar san pal- kitar sEn ila -f an Faf- 
cit Larc cErcar n Ercacil-kar n Ercikct hal-ar s¬r('rti, 
kaca car kcrtas LrtLk cikitar s¬n Ala 
b. Using bio-degradable detergent/washing product - Bio- 
degradable materials are capable of being destroyed by 
the actions of living organism, heat, light, radiation, 
oxidation or a combination of these factors (ex. Non-bio 
washing detergent). (FErccraar Earar Ferccci 'tic - 
cEcracaClE' -E al-ar 'Eic-ceCracat le'n an Fc cilLFcskar 
n elalLi tircaktalas SEn Liajaci (( crtcl-rya: tarar pcrcici 
arti-tic)) 
c. Animal droppings (collect and dispose animal drops in a 
bin) - Animal droppings from pets contain bacteria and 
nutrients; to avoid from throwing into the drain. A better 
way to prevent is by collecting the waste and dispose it in a 
dustbin. (N ajis Ciratarc FEliraraar/terrakar -N ajis 
hiratarc n ercarcLrci EactEria car rctricrt; Elakkar 
cariFaca n En I: Larc rajis kE calan systcn FErraritar 
kcrara is hcl¬L n Ercen ar ketersil-ar air 
d. Organic matter or leaves (practicing organic bin - 
composting) - Organic matter and leaves can block drain 
which can cause flooding whilst rotting organic matter 
pollutes waterways with excess nutrients. (F EntLarcar 
harar crcaric car cacr-cacr -E aLar-hal-ar iri Eclcl- 
n ErycLaLkar systen FErparitar terscn tat car trarar 
arc re ct Lca CcIeL n ErcakiLatkar ErcEn arar air 
e. Reducing water-based activities - Irregular water based 
activities, such as car wash, irrigating garden plants, etc. 
(FErccrarcar aktiviti Lerasaskar air -k erjin atkar 
FerccLraar air, scrcrti r ercLci kcrctF., r cryirý: r 
taran ar car lair-lair) 
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Fertiliser and pesticides - Avoid using fertiliser and 
pesticides in an area where they could be readily away into 
drains. (E aja car racer sErarcca - Elakkar Fcrcciraý, r 
tal-ar iri ci kav asar yarc E¬rf"an Firar cercar Fcrca i ýý 
n Ercalir) V 
g. Water recycling - Recycle used water from the kitchen for 
gardening and etc. (C Lra sen Lla air - C\ ErccLrakar 
SEn Lia air, scFErti air cari r ErcLci taiar n akarar LrtLk 
cicLrakar n Eryiran taran ar) 
h. Rainwater tank - Storing and using rainwater. Using 
rainwater stored in a container for wash, gardening and 
etc. (N ErakLrc air I'Ljar -N ErccLrakar air yarc 
citakLrc Eaci tLjLar n ErcLci kcrEta, n Eryiran taran 1. r 
car lair-lair. 
12. Do you think timt the currant systern in your Iivinq area , houlrl Inc inipir, wdf! ' I'Ie. rw tick (ý) On Ihrs , rpprýýpriiite answer 
(F ErILkal- systEn FErparitar sECia aca ciFErLaiki %%l arcakar ( ) Faca Filirar jav agar arca) 
Q No (Iicak) 
Q Yes. If 'yes', how could it be improved? (ti a. Jika 'ya', tacain arakar is FErlL ciiErLaiki%) 
Additional information (ai 
13. As part of the research, we are interested in meeting with some of the residents who have completed the questionnaire. 
This meeting will provide an opportunity for the researcher to give more detailed information about the design and layout of 
an environmental friendly drainage system. There will be an opportunity for you to discuss how the new approach may 
affect your living environment. If you are willing to meet the researcher, please complete the section below. 
Note: It may not be possible to meet each person who has confirmed their availability. However, you will be contacted to 
confirm whether you will or will not be interviewed, and where appropriate to agree to a suitable time to meet. 
(Pan i CErn irat crtck n Ercapatkar n aklcn Lalas larjctar cErcar n Ercacakar FErjcn paar ccrcar Firak arca. 
F Erjcn paar iri acalar crtck n Ercapatkar n aklcn at yarc IELir tcrpErirci LErkaitar cErcar systcn FErraritar cikav asar 
arca. Jika arca tErn irat LrtLk tLrLt serta, sila isikar n akiLn at calan kctak yarc ciscciakar citav ar, 
N cta: F Irak kan i akar n ErcrLtLrci arca crtLk n Erctapkar n aklcn at tErkaitar cErcar FErjcn paar. ) 
Q No (Iicak) 
Q Yes. Please fill in the required information in the box below, (ti a. 5 He isikar n aklcn at yarc ciFErlckar ciLav alý) 
I would like to be contacted via (Please tick (\f) on the appropriate answer), (ý aya sECia cil'ctcrci n Elalci, . 
(1 arcakar ( V) 
Faca Filil-ar arca)) 
Q Email. (Please indicate your email address in the box below) (E n ail) 
Q Phone call. (Please provide your telephone number in the box below) (1EIEfcr) 
Q Address. (Please provide your contact address in the box below) F Ian at sprat-n Er prat 
THANK YOU for your participation. Your contribution is very helpful to the study of Sustainable Drainage System application in 
the landscape of a housing scheme in Malaysia. 
1EF JA IPEý IF ci atas kErjasan a car n aklcn at yarc t¬lah arca EErikar. S Ecala scn Earcar arca an atlar cirarcai car 
cil-arap cacat n En tartc calan FEryclicikar 5 istEn s alirar R Esra / Ian calan aplikasi larcskap ci kav asar FErcn al-ar. 
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Survey of the Professional s Perception And Awareness of Sustainable Urban Drainage System SUDS Application in 
Housing Schemes in Malaysia 
A recent investigation by the Malaysia Department of Environment into the quality of river water reported that there has been a 
significant increase in the number of polluted rivers throughout Malaysia. This situation has been compounded by a dramatic 
increase in urban flooding, which has been partly attributed to changes in urban morphology and specifically new areas of 
housing. Concerns regarding the contamination of rivers are particularly significant in the Malaysian context because 97% of 
water used originates from rivers. The Department of Irrigation and drainage has introduced a new practice manual for 
sustainable urban drainage or MSMA. 
This questionnaire is part of a research project based at the University of Sheffield, United Kingdom, into alternatives to 
conventional drainage systems within housing schemes in Malaysia that aim to improve water quality, reduce flood risk and 
potentially increase amenity value. Such environmental-friendly systems may significantly change the visual quality of a 
residential area; involving greater use of open water channels, vegetation and collecting ponds. We are therefore very interested 
in public opinions of both the current situation and the proposed new system. 
The aim of this questionnaire is to establish levels of satisfactions with current residential drainage systems. Confidentially is 
guaranteed. I would then be very grateful if you could spend a few moments to complete the questionnaire. If you have any 
questions or queries, I can be contacted as follows: 
Izawati Tukiman 
Department of Landscape 
Floor 3, Arts Tower 
University of Sheffield 
Sheffield 
S10 2TN 
United Kingdom 
E-mail address: Iza tukiman@yahoo. co. uk 
Ieasc fill ir ttc tlark crtficii tic 5LitatIE tcý fcrar z rcfriýtc ýrýv cr. 
1. Sex 
Q Male Q Female 
ob title and nature of work: 
3. Years of experience in these area: 
Q Less than 2 years Q6- 10 years 
Q3-5 years Q More than 11 years 
4. What areas in relation to residential drainage and management do your work impact upon? 
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Section 
5. What do you consider to be the major problems with the current urban in Malaysia? List the three most sic 
6. What do you consider to be the three most important problems related to drainage in residential developments in Malaysia? 
i. 
7. Do you consider that any of the following components of sustainable drainage , y' rns have potential in residential dev 
description of your general understanding of what these components are as well as their advantages and disadvantages. 
Please describe this component What are the principle What are the principle 
based on your understanding. advantages of this component in disadvantages of this 
(You may leave it blank if you residential areas? component in residential 
do not have any description). 
a. Green roof 
A roof with plants growing on its 
surface. 
b. Rainwater tank system 
A system that collects rainwater 
from where it falls rather than 
allowing it to drain away. 
c. Temporary storage pond 
To function as a water reservoir 
and a natural drainage basin 
During wet season. 
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Please describe this component What are the principle What are the principle 
based on your understanding. advantages of this component in disadvantages of this 
(You may leave it blank if you residential areas? component in residential 
don't have any description). 
d. Natural filtration system 
Constructed wetland e. g. 
reedbed, 
e. Bio-engineering techni ues 
- ex. Using vegetation as a 
material for stabilising slopey 
area. 
f. Swale 
A shallow vegetated channel 
designed to conduct and retain 
water. 
g. Balancing pond 
A pond designed to attenuate 
flows by storing runoff during the 
peak flow and releasing it at a 
controlled rate during and after 
the peak flow has passed. 
h. Permeable surfaces 
A surface that water can 
penetrate. 
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8. In your opinion, what are the main barriers to the wider dpplicfrtion of sustainable urban drainage systems in residential 
areas in Malaysia? Tick (I) any of the answer listed and please specify if you have any other suggestions or reasons. 
Q Public resistance to change 
Q Problem with diseases related to water 
Q Safety aspects of open water element within a housing scheme 
Q The climate and geology aspect is not suitable for these techniques 
Q There is not enough information available on how SUDS can be implemented 
Q Lack of interest amongst professionals 
Q Too expensive compared to conventional techniques 
Q Lack of expertise in ecological engineering in Malaysia 
Q Difficulty with regulations or guidelines related to drainage and water 
Q Others. Please specify: 
9. Did you receive sufficient information on sustainable drainage system (SUDS) as outlined in MSMA for residential area? 
Additional Inform.. 
As part of the research, we are interested in meeting some of you who have completed the questionnaire. This meeting will 
provide an opportunity for the researcher to give more detailed information on the environmental friendly drainage system. If you 
are willing to meet the researcher, please fill in the information below. 
Na 
E-mail a 
Correspondence address: 
Phone number: 
Q This research might be extended for further information. Please tick (sl) in the box if you do not wish to be contacted by 
the researcher. 
THANK YOU for your participation. Your contribution is very helpful for the study of Sustainable Urban Drainage System 
application in the landscape of a housing scheme in Malaysia. All information will be treated with the strictest confidentiality. 
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Malaysian River and Water Lc islation 
There are many acts and enactments with regards to Malaysian water and river. Some date back 
to over eighty years and are updated from time to time. Some are listed below: 
1. Federal Constitutions: 
9`h schedule, Item 6 of the State List (Section 5, NCL). The State Authority has absolute 
ownership of all lands within the boundaries of the state, and such ownership of the land 
includes ownership of all rivers, stream and watercourses. 
2. National Land Code (NCL) 1965 And Waters: 
Section 5: Definitions of rivers. 
Section 13: Alienation of land within fifty meters of river banks, lakes, drains or coast lines 
(power to alienate) 
Section 49: Effects of advance or retreat of rivers, etc. 
Section 62: Gazetting of river reserve for public utility (river reserves). 
Section 135 (advice): Land conversion/sub-division - need to have sufficient river/drain 
reserves and outlet drain. 
Section 70,71,72,73 and 74: Mining requirements. 
3. WaterActs 1920 (Cap 146) (1989): Control OfRiverAnd Streams 
Malacca, Negeri Sembilan, Pahang, Perak Selangor and the Federal Territory of Kuala Lumpur. 
The states of Kelantan, Terengganu, Johor, Perlis and Kedah have their own similar Water 
Enactments. 
The power to issue licenses for certain purposes is with the state authority (water abstraction, 
diversion, etc. ). 
Section 2: Definition of rivers. Gazetting. 
Section 3: Entire property in and control of rivers in any state is vested. 
Section 4: Restoration of river banks 
Section 5: Prohibits acts affecting rivers such as felling of any trees into the rivers, obstruct or 
interfering with any river, building any bridge, jetty or landing stage over or beside any river 
(width more than 20 feet) except under license. 
Section 7: Prohibits diversion of water from rivers except under license. 
Section 7a: Prohibits pollution of rivers, inland waters and subterranean water resources. 
(License, State Secretary, and Appeal Board: DID is a member) 
River classification (Beneficial uses): River or stretches of river classified according to certain 
beneficial uses, then the required river conditions and water quality to be maintained and 
achieved through integrated and regular enforcement and monitoring. 
Section 8: License needed to divert water which may authorize interference with state or 
alienated land. 
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Section 14: Restriction on constructions of walls and buildings on river banks (50f. ) or within 
flood channels. 
For Sarawak, Sarawak Land Code (Cap 81): The State owns sole property in rivers, streams, 
lakes and water courses. The Sarawak Riverine Transport Bill (1993) also addresses water 
issues in Sarawak and management of them. 
For Sabah, The Sabah Land Ordinancc(Cap 68): State has sole property of rivers. 
4. Ministerial Functions Act 1969: The role of DID in river management is on flood 
moligation and river conservancy. 
S. Local Government Act (1976): (Peninsular) - Similar acts for Sabah and Sarawak. 
Section 69,70 and 71: Power for local authority to recover any expenses incurred in carrying 
out any work as a result of any person who commits a nuisance or deposit any filth and to also 
preserve public health. 
Section 73(a)(ii) and (b)(i): Gives power to make amend or revoke by-laws to keep public 
places (including rivers) free from filth and also to preserve public health. 
Section 101(ee): Power to divert, strengthen, define and canalize the course of any stream, 
channel and watercourses subject to the consent of the appropriate authorities. 
Section 101(v): Local authority is given power to do all things necessary for or conductive to 
public, safety, health and convenience. 
6. Earthwork Bylaws: 
Power for local authority to control earthworks being carried out so as to prevent soil erosion, 
disturbance and pollution (air and water). 
Need to be gazetted by the State Government and adopted by individual local authorities. 
7. Streets, Drainage and Building Act 1974 (1994): 
Section 50: Local authority to construct and maintain drains and watercourses. 
Section 51: Local authority may recover cost of improving and making drains and watercourses. 
Section 52: Prohibition against building unless provision made for drains and water courses. 
Section 53: Local authority to repair and alter of discontinued, closed or destroyed drains and 
water courses. 
8. Town and Country Planning Act 1976: 
Section 8: Preparation of draft structure plans (incorporation of river reserve, river frontage 
development, flood levels, etc. ) 
9. Environmental Quality Act 1974 (1985) 
Section 21: Power to specify acceptable conditions for the discharge or deposit of wastes 
Section 25: Inland water pollution control. Prohibits any discharge or deposit of any wastes 
(unless licensed) into any inland water including rivers, streams, drains, lakes, etc. Prohibits any 
raising or lowering of receiving water temperature by more than the prescribed limits. 
Section 51: Power to make regulations. 
10. Environmental Quality Regulations (Prescribed premises, Sewage and In Effluent): Crude 
Palm oil (1977), Raw Natural Rubber (1978), Sewerage Industrial Effluent. 
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